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Both Steels 
Ryerson Stocks 


Aircraft Alloy Steel bars: 4140, 
X4130, NE 8630 are carried in stock at 
Ryerson plants in Chicago, St. Louis, Cin- 
cinnati and Jersey City. These steels are 
available in a wide range of sizes and 
in several conditions. They are earmarked 
for distribution in accordance with the 
ACW plan. Send for your copy of our 
combined stock list and booklet of con- 
densed specifications — entitled Aircraft 
Alloy Steels 


RYERSON 


NE Alloy Steels are available at all ten 
Ryerson plants in a wide range of analyses 
and sizes. The use of NE Steel has been 
urged wherever possible and Ryerson is 
helping in every way to acquaint custom 
ers with the possibilities of the new analy 
ses. Copies of the current Ryerson NE Stee! 
booklet, written especially for the practi 
cal steel user, are available on request 
Let us work with you on any probiem 
of steel supply, application or fabrication 


STEEL-SERVICE 


JOSEPH T. RYERSON & SON, INC. Plants at: Chicago, Milwaukee, St. Louis, Detro't, 


Cincinnati, Cleveland, Buffalo, Boston, Philadelphia, Jersey City. 
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ys \ NUMBER OF OCCASIONS mention has 
Been made of the absorption of oxygen during 
he carburizing process. As the exact mechanism 
las never been described in detail, and as the 
fects are not too well understood, it has never 
a controlling factor in the pro- 
However, in tests 


een considered 
luction of hard surfaced parts. 
ducted in the laboratories with which both 
thors are associated, certain facts were uncov- 
d indicating that oxygen produces a physical 
ndition on the surface of carburized parts 
AVhich 


Adee Burd 


indoubtedly influences its behavior when 
biected to stresses. 

One of the most important uses of the car- 
nizing process, and one in which extensive 
‘spection and testing is done, is in the produc- 
| In these parts much 


the hardness and 


iutomotive gearing. 


lependence is placed upon 
rability of the surface. When carburizing prac- 

ot of the highest quality the results will 
ue if short life. 


A\h , . , . 
tite a great deal of proving is done in actual 


poor performance and 


he largest proportion of the testing of 
gearing is done on the laboratory 
ter, and it has been through such test- 
inv improvements have been made in 
arb lt is only natural, therefore, that 
Pears of the National Emergency steels, 
lor the older alloy steels, should be 





the full assortment of laboratory 
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By John Welchner 
Metallurgical Engineer 
Timken Roller Bearing Co. 
and Roy W. Roush 
Chief Metallurgist 
Timken-Detroit Axle Co. 


In attempting to associate 
the results of such accelerated 
life tests of gears made of NE 
steels with the metallurgical 
characteristics of the parts 
tested, no definite correlation 
could be found. However, 
microscopic examination of the 
extreme surfaces of several of 
these gear teeth disclosed a 
grain boundary outlined by a 


“foreign” material, which 

even at 2000 diameters magnifi- 
cation was not readily identi- 
fiable. At first this condition 
to be 


only in parts carburized in com- 


was thought prevalent 
pound and made from one par- 
modified NE9420 steel. (This 
silicon and 


ticular heat of 
modified analysis contained 0.30 
was Grainal treated.) It was soon found that 
“surface 


Random 


parts carburized in gas also showed this 
attack’, but to a much less degree. 
samples taken from gears of other steel types, 
carburized in regular production, revealed a simi- 
lar condition and again the gas carburized gears 
were less alfected than those carburized in com- 
pound. Rarely did this “foreign” material extend 
beyond 0.001 in. deep in the common grades of 
steel with medium case depths. 

Simultaneously other observers found this 
condition in carburizing the regular NE9400 
series. Some have considered it to be graphite 
and have been reluctant to use this new NE 
analysis for that reason. That this grain bound- 
ary condition has accompanied carburized parts 
of other commonly used low carbon steels was 
revealed by our additional investigations. The 
condition, whatever it is, is therefore certainly not 
confined to any particular analysis of the newer 
carburizing grades. 

The data herein reported are the results of 
a series of tests designed to determine the mecha- 
nism of producing this grain boundary constitu- 
ent and its identity. 

Test Procedure 
solution for this problem, it was considered of 


In attempting to arrive at a 


fundamental importance to differentiate between 
a) those factors commonly referred to as “inher- 









Table I — Chemical Analysis of Steels Tested 





Typ! ; MN P S S AL Cr NI Me 


0.005 0.01 0.06 Ni 
0.035 Nil 0.04 Ni 
0.008 0.06 0.13 0.01 
0.034 Nil Nil 0.12 
0.100 (Aluminum killed) 
0.024 0.05 0.17 0.02 
0.014 Nil 0.04 Nil 
0.005 Nil Nil Nil 
0.008 | 0.14 3.51 Nil 
0.040 | 0.23 5.05 0.05 
0.021 0.91 0.15 0. 
0.038 0.03 1.83 

0.036 0.08 3.44 


0.047 48 0.62 


0.005 | 0.030 
0.011 | 0.016 
0.023 | 0.030 
0.020 | 0.020 
0.010 | 0.026 
0.010 | 0.022 
0.020 0.036 

A.E. 1040 : : 0.014 0.029 

A.E. 2320 . A 0.015 0.036 
S.A.E. 2512 Rb 5s 0.015 | 0.025 
S.A.E. 4120 0.009 | 0.015 
A.E. 
ALE. 


Armco iron (A) 
Armco iron (B) 
Rimmed steel 


Modified S.A.E. 1010 
Modified S.A.E. 1010 
S.A.E. 1015 
».A.E. 1020 


4620 : 6: 0.016 | 0.021 
0.023 
0.023 


1820) . 6 0.013 


NE8720 0.014 

Modified NE 9420 
(Grainal added) 

NE 9420 

Timken DM 

Timken Silmo 

Timken Sicromo No. 1 

Timken Alcrosil No. 3 

Nitralloy G 


0.022 0.027 32 0.35 
0.018 4 n. d. 28 0.44 
0.010 0.004 19 0.23 
0.012 a 0.021 .06 0.21 
0.017 | 0.016 0.008 1.27 0.24 
0.015 | 0.014 , 0.51 2.83 0.23 
0.019 n. d. ‘ 1.10 1.18 0.16 


0.015 
0.017 
0.009 
0.010 











ent” properties of the metal as defined by steel it established a reference group of steels, wi 


chemistry and deoxidation practice and (b) the have had varying degrees of success in app 
influence of processing conditions subsequent to tions in the casehardened condition. Tables 
the melting and shaping of the steel. and II list the analyses of the various steels 
A tabulation of the variables considered carburizing media. 

Not all the steels were subjected to ali 
tests previously outlined, but in general the s 
ples were carburized for a given period, al 
which they were either rapidly or slowly co 
Samples for micros 


under these two headings is given below: 


I. CARBURIZING CONDITION 
A. Carburizing Media 
1. Barium energized compound 
2. Calcium energized compound 
(a) Grain size in 1 and 2 
Coke base compound 


to room temperature. 
examination, taken so that the surfa 


ri 


studied was normal to the carburized su! 


Charcoal base compound 
Natural gas 
Prepared gas 
. Steel chips (pseudo carburize) 
Carburizing Treatment 
1. 12 and 21-hr. cycles 
2. Direct and delayed quench 
3. Oil quenched and water quenched 
1. Direct quenched, reheated, and quenched 
Il. Sree, ANALYSES 
A. “Commercially pure” iron (Armco) 
3. Normal additions of manganese, aluminum 


‘ 


I 
and silicon 
Larger quantities of manganese, aluminum 


i 
and silicon and/or chromium, nickel and 
molybdenum 


The 20 steel types explored by us in this 
investigation had a wide range of common alloy 
additions, which made it possible to estimate the 
elfect of the individual alloying element. Also. 
enough of the popular grades of S.A.E. carburiz- 
ing steels were included so that a definite correla- 
tion between these and the newer analyses could 


be established. This is most desirable, because 


were carefully prepared to the extreme ed 
either by chromium plating the specimen 
mounting in a steel holder tube, or by mou 


Table Il — Analysis of Carburizing Media 


nitir 





Solid Compounds 


Ba CA Na S CHARCOA 


9.3 nye 0.4 

9.5 “3 0.2 

oa - 0.3 

2.9 ; 0.5 ‘ 
7.6 3.3 Nil 0.6 
0.3 3.: Nil 0.9 


Gases (Approximate A verag 
CoDE 
G 


J 
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material impregnated with chrome ore 
the sample edge in question. A polishing 


titable for retaining “foreign” material to 
se was necessary to enable observation at 
ers under reflected white or polarized light. 
III to VI summarize the results of these 
Fig. 1 to 8 show typical conditions at the 


several steels. 


Discussion of Results 


rburizing Media — A careful inspection of Tables 

| V on pages 892 and 893 reveals that barium- 

compounds have a much greater tendency to 
produce this grain boundary condition, and a progres- 
sive lessening of the effect when the steel is carburized 
the caleium-energized compound and in natural gas. 
s of primary importance to note that practically all 
common grades of steel, such as S.A.E. 4120, 
\.E. 4620, S.A.E. 4820, NE8720 and modified NE 9420, 
| appreciable amounts of intergranular constituent 


vhen heated in contact with the several barium-ener- 


the 


zed compounds, 

showed only Fig. 1 to 5 Vature of Attack by Bari- 
um-Energized Carburizing Compounds 
on Commonly Used Steels. Unetched 
micros (except Fig. 2), photographed 
at 2000 diameters, reproduced at 1250 


ittle of this effect 
r the 12-hr. 
eriod in the cal- 
m-energized 


, rig. S.A.E. 1015 in Code E ec ,0Ur 
iteri 7 I and Fig A} l in ode I compou id 


set: Miata Fig. S. A.E. 4120 in Code C compound 
Fig. : S.A.E. 4620 in Code B compound 
ntirely free of Fig. S.A.E. 4820 in Code A compound 
this when carbu- Fig. NE 8720 in Code E compound 
rized in natural 
gas G. The longer carburizing period, as described in 
lable V, served to accentuate this difference. 
Figures | to 5, alongside, illustrate the nature and 
‘ype of surface attack obtained in some of the commonly 
sed steels. These photographs were chosen as repre- 
sentative of a large number of micrographs obtained 
with a variety of carburizing conditions, and are not a 
juantitative evaluation of the relative susceptibility of 
each steel type to this surface attack. 
\s is evident from Table VI, the barium-energized 
d tl ilcilum-energized compounds (Code E and F) 
Ter somewhat in the results produced in the MceQuaid- 
Ehn test Barium-energized material shows, in several 
‘the different types of low carbon steels, the coarser 
itlined grain and more susceptibility to abnormality 
Which ording to Grossmann, (@ Transactions, Vol. 
6, 19 |), indicates a greater absorption of oxygen 
carburizing process. 
r to obtain additional data concerning the 
ygen in this problem, a sample of NE8720 
ited in an atmosphere known to be oxidiz- 
th no carburizing tendency — “pseudo-car- 
by packing in oil-free chips of the same 5 
en subjecting this charge to a regular car- 
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Carburized 


it 1700 to 


Table Ill — Tests for Surface Attack 


1725° F 


to produc 


at least 0.050-ir 


depth 


case 


direct quench ink 


oil 





Tyre or Steet 


Armco iron (A) 
Armco iron (B) 
Rimmed steel 
Modified S.A.1I 
Modified S.A.1 
(Al killed) 
S.A.E. 1015 


1010 
1010 


S.A.E. 1020 
=. 1040 
5. 2320 
.E. 2512 
S.A.E. 4120 


S.A.E. 4620 


S.A.E. 4820 
NE8&720 

Modified NE 9420 
(Grainal added) 
NE 9420 

Timken DM 
Timken Silmo 
Timken Sicromo 1 


Timken Alcrosil 3 


Nitralloy G 


None 
Yes 


the grain 


within 


Fine network 
and globular 
Network and 
globular 

Fine network 
and globular 
Fine network 
and globular 
Fine network 
and globular 
Network and 
globular 

Network and 
globular 

Solid network 
and globular 
Network and 
globular 

Network and 
globular 


Needles and 
globular 





None 
None 


None 
Yes 
the grain 
Network and 
globular 
Network and 
globular 
Network and 
globular 
Network and 
globular 
Network and 
globular 
Solid network 
and globular 
Network and 
globular 
Network and 
globular 
Network and 
globular 
Network and 
globular 


within 


Needles and 
globular 


Soiip CARBURIZING COMPOUN 


( 


Nc 
None 


None 
Ye 5 
the grain 
Network and 
globular 
Network and 
globular 


within 


Network and 
globular 

Fine network 
and globular 
Fine solid net 


work & globular 


Fine solid net 
work & globular 
Network and 
globular 

Fine solid net 
work & globular 
Fine solid net 
work & globular 
Fine solid net 
work & globule 


Needles and 
globular 


D 


Network & 


globular 


Network & 


globular 


Globular 


Globular 


ilobular 


Yes within 
the grain 


Thick and 


continuous 


Intergranular 


& globular 


Intergranular 


This 
boundary 


grain 


rhick grain 
boundary 
Phick grain 
boundary 
(rain 
boundary 
Chicken 
tracks 


Continuous 


under surface 


Small particles 


Globular 


Globular 


Globular 
Globular 
Globular 


Small particles 


Slight 
network 
Slight 
netwo 
Slight 
netwo 
Slight 
netwo 
Slight 


netwo 





CARBURIZED 


H 


Scattered 
globules 


Scattered 
globules 


Network of 
small globule 
Network of 
small globule 
Fine solid net 


work & globul 





burizing cy 


cle. 


The 


specimen 


SO 


treated 


was 


point it is apparent that the carburizing m 


probably can be so chosen that a min 
ol 
the 
medium case depth. 

Treatment 


examined to the extreme surface (Fig. 7, page 


894) and found to contain an intergranular con- 
similar to that carburized 


Since the surrounding atmosphere in 


conditi 
at 


amount this grain boundary 


stituent noticed in occur al extreme surface least! 


samples. 


Also 


longer 


this test was oxidizing in character, we again have Carburizing 


reason to suspect that the surface attack during emphasis is the fact that a 
carburizing was related to the presence of oxygen period produces a measurably greater surta 
SUl¢ h 


ot the 
NE8?72 


in one form or another. dition when using a compound 


Three 
previously mentioned (S.A.E. 4120, 
modified NE9420) yielded “foreign mate 
about twice the depth in 21 hr. as in | 
tl 


Hence, these first considerations lead to the barium-energized material. 


obvious conclusion that even though one steel 


may be more susceptible to this surface attack 


than another, the carburizing medium certainly 


has a profound effect. From a theoretical stand- carburizing period. This associates 


Table IV — Carburizing Tests at 1700° F. for 0.050-In. Case 
(Solid compound, 12 hr. carburize; Gas, 6 hr. carburize plus 3 hr. diffusion; All oil quenc'y 





Cope E Compounpb (BARIUM-ENERGIZED) CoprE F Compounpb (CALCIUM-ENERGIZED) 


SURFACE ATTACK SURFACE ATTACK . 
CASI 


STRUCTURI 


CASI 
STRUCTURI 


SURFACI 


f(a/ 
ATTACK 


(a/ 


DEPTH REMARKS DEPTH REMARKS 


Slight 
netwo 

Slight 
netwo!l 

Slight 
netwo 


No skin. 
\ M 

0.0005-in. skin. 
\ M 

Skin. 0.001-in. 
A M 


0.0001 Only in 


0.0005-in. skin. 
A M 

Thin grain Noskin. 
boundary \ M 

Thin grain 0.0005-in. skin. 
boundary \ M 


S.A.E. 4120 0.0003 Globular 


spots 


NE8720 Approx. 0.0001 Only in 


o.0002 spots 


0.0001 Only in 


Modified 
NE9420 


Approx. 


0.0002 spots 


— aa 








(a) A means austenite; M means martensite. 
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Table V — Carburizing Tests for Thick Cases 
surized at 1700° F. for 21 hr. to produce approximately 0.070 to 0.090-in. case; 





Oil quenched) 



















































































































Cope E Compounp (BarniuM-ENERGIZED) Cope F Compounpb (CaLciuM-ENERGIZED) 
SURFACE ATTACK Cast SURFACE ATTACK Cass 
El 
DEPTH REMARKS STRUCTURE (a) DEPTH REMARKS STRUCTURE (a) 
\ iron None None 
d steel None “x None 
\ 41010 | Slight Within Nil 
lled) grain 
© 4 FE. 1015 0.0004 to Thick, Skin. 0.001 in. 0.0003 in. Continuous 0.001-in, skin. 
0.0005 in. continuous A+M under surface \ M 
S.A.E. 4120 0.0008 Intergranular 0.0015-in. skin. 0.0001 Small 0.001-in. skin. 
and globular A+M+C particles \ M 
re NE8720 0.0004 to Intergranular Skin. 0.001 in. 0.0002 Globular 0.001-in. skin. 
0.0006 A+M \ M 
Modified 0.0004 to Intergranular  0.0015-in. skin. 0.0001 Globular 0.001-in. skin. 
NE 9420 0.0005 and globular A+M {+M 
Net Timken DM 0.0005 Thick grain Skin. 0.001 in. 0.0002 to Globular 0.001-in. skin. 
A. boundary A+M 0.0003 \+M 
work Timken Silmo 0.0005to | Thick grain 0.001-in. skin. 0.0003 Globular 0.001-in, skin. 
-” 0.0007 boundary A+M+C A+M+C 
Timke 0.0008 to Grain 0.001-in. skin. 0.0002 to Globular 0.001-in. skin. 
Sicromo 1 0.001 boundary A+M 0.0003 {+M 
rimken 0.0002 (b) Chicken 0.001-in. skin. 0.0001Lto Small 0.001-in. skin. 
Alcrosil 3 tracks (b) A+M 0.0002 particles A+M 
Nitralloy G 0.0066 Needles and A+M 
globular 
\ means austenite; M means martensite; C means carbides, 
“Chicken tracks” to a depth of 0.002 to 0.003 in. 
me 
n on of the intergranular material with the actual for 30 sec. before oil and water quenching, 
ion time at carburizing temperature rather than with respectively. There was no detectable difference 
v inv reaction occurring during the heating up or in the carburized surface of these samples when 
cooling process. viewed at high magnification, thus emphasizing 
rth lo further substantiate the independence of that the surface attack took place prior to the 
bu this surface manifestation from the method removal of the steel from the carburizing com- 
we employed in cooling the carburized part, addi- pound. 
4s tional tests were conducted: Four specimens of The possibility of eliminating this relatively 
es the modified NE9420 steel were carburized for 21 thin surface layer by an additional heat treatment 
7 hr. in a barium-energized compound and each after carburizing and direct quenching was also 
ria cooled in a different man- 
a ner. In two instances. Table VI — McQuaid-Ehn Grain Size 
os 
pt wer tne heating cycle Cope E Compounb Copr F CompouNpb 
vas completed, the car- (BantumM-ENERGIZED) (CALCIUM-ENERGIZED) 
burizing container was TYPE OF STEEI 
suspended directly above GRAIN SIZ} ABNORMALITY GRAIN SIZ ABNORMALITY 
| and water quench Rimmed 2to4 (1) Abnormal 
| KS, respectively, and S.A.E. 1015 . | 6 to 8 Normal 
samples were quenched S.A.E. 4120 6 to 8 (4) Normal Hitos Normal 
iS I lly as possible, NE8720 6 to 8 (5) Slightly 6 to 8 (5) Normal 
thus osing hot steel Modified NE 9420 7 to8 (6) Slightly Htos Normal 
: to tl r for a minimum rimken DM No carbide No carbide 
VJ time pproximately %. one ss network networs 
: . = rimken Silmo No carbide No carbide 
\ 7 'y contrast, sam- network network 
\ _— n the same con- Timken Sicromo No carbide No carbide 
\ ta were given a No. 1 network network 
\ I’ quench by Timken Alcrosil No carbide No carbide 
them to the oie No. 3 network network 
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S.A.E. 4120 Carburized in Code F Compound 
Unetched, at 2000 diameters 


I ig. 6 
(Calcium-Energized). 


considered. If the grain boundary matter was a 
precipitate which became insoluble during the 
cementation process, an additional heating and 
cooling in the absence of a carburizing atmos- 
phere might alter the pseudo equilibrium suffi- 
ciently to redissolve some or all of this constituent. 
This, however, was not found to be true. Samples 
carburized for 21 hr. in the barium-energized 
compound, direct oil quenched, reheated to 1550° 
F. in a NaCl-KCl salt bath, and again quenched 
in oil, showed no visible difference in the type or 
relative amount of surface grain boundary mate- 
rial from companion samples merely carburized 
and oil quenched. (Bear in mind that the reheat- 
ing operation as carried out in this test prevented 
any scale formation which could easily have 
“eliminated” the surface condition by removing 
the layer of steel being studied.) 

Steel Analyses —- Now focusing attention on 
the actual composition of the different steels 
tested (Table I), and the results after the various 
carburizing both barium and 
calcium-energized compounds (Tables III and V), 


treatments in 


a very definite correlation is seen to exist. A 
sharp line of demarcation can be drawn between 
those steels which contain an appreciable amount 
of silicon and those without. In each of the 
steels having more than an incidental amount, 
the carburized surface is attacked, while none of 
the steels substantially free of silicon showed this 
phenomenon with either barium or calcium- 
energized compound. 

Armco iron was entirely free of attack, even 
after carburizing in the rather active compound 
Code E. It is to be noted, however, that the low 


silicon and relatively high aluminum , 
(modified S.A.E. 1010, Al killed) h 
metallic material in random distriby 
the surface. Also, the carburized nitral| 
Fig. 8) 
random distribution to a depth sey 
greater than that found in any of the « 
While the precipitate in 
is not a grain boundary condition, it is 


contained needles and glob 


grade steels. 


cance and later it will be shown how 
manifestations are related. 


Fig. 7 VE 8720 Pseudo-Carburized by 
Going Through Regular Carburizing Cycle, 
Packed in Degreased 8720 Chips (2000 > 


Typical examples of these differences in 1! 
way silicon content is related to the surface alta 
are shown in other micros. Hence the in 
conclusion is that the elements silicon and alum!- 
num either promoted a chemical reaction in 0! 


tee] 


or more of the constituents within the s 
themselves entered into such a reaction tI 
element or compound brought to the st 
face during the carburizing treatment. 

The first of these two possibilities 
ately suggests that cementite may be de 
near the surface, since silicon and alum 
known to promote graphitization. H 
scrutiny of the various composition 
reveals four reasons why this deduction 
improbable: 

1. The S.A.E, 4120 specimen (Fig 


varied in composition from the S.A.E 
1020 grade primarily in the additional 
carbide-stabilizing chromium, contain 
definite grain boundary constituent | 
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Sit ; hat obtained in the other carburizing 
ni . : 

Near : 9 lure to show a marked difference in 

my h on the Timken Silmo, indicates that 
in the | han five-fold increase in silicon content 
times ver | ther carburizing types was ineffective 
izing - sing the surface condition in question. 
rall 3. When comparing results of the Timken 
snili- )M analysis with Timken Sicromo No. 1 (prac- 
wm tically same composition except for the 

much greater silicon content) only minor varia- 


nm was recorded. This is contrary to what 
would have happened if silicon had actually made 


the carbides unstable. 

{. When specimens containing this grain 
boundary constituent were reheated for a pro- 
longed period in a decarburizing salt bath, no 
noticeable change was recorded in the appearance 


” r amount of intergranular material. 
' . . 
~ Thus, ruling out the possibility that the car- 
bide of the steel is disintegrating, the next most 





Fig. 8 Vitralloy G, Carburized in Code C Com- 
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likely cause for the grain boundary condition is 
the reaction of silicon and aluminum with some 
material at the steel’s surface. In fact, micro- 
scopic examination of some of these well polished 
particles with both reflected white and polarized 
light indicated them to be not graphite but a 
silica glass of some type impregnated with a 
small amount of gray, substance 
answering the description of alumina. While this 
cannot be taken as a positive identification, it 


anisotropic 


must be considered as strong supporting evidence 
that silicon (and minor amounts of aluminum) 
is part of the compound in the grain boundary. 

Further identification was attempted by the 
chemical etching procedure for inclusions in the 
© Metals Handbook. This method consists of 
polishing and etching with specific reagents until 
one is found which attacks and chemically 
removes the substance under observation, In 
these specimens, no reaction developed until the 
20% hydrofluoric acid was used. This etchant 
removed all of the grain boundary constituent, 
and some particles within the grain of several of 
the steels tested. 
confirmation that the grain boundary constituent 


These results are additional 
is a silicon compound. 


Origin of the Non-Metallic Compound 


Having established that the grain boundary 
precipitate is a compound containing primarily 
silicon and aluminum, a plausible explanation 
for its occurrence may be presented: 

As is well known to steel makers, silicon is 
a potent deoxidizer, exceeded only among the 
common additions by aluminum, which has a still 
higher affinity for oxygen. If, in the carburizing 
process, oxygen is carried to the steel’s immediate 
surface, it is therefore conceivable that a union of 
oxygen and silicon and/or aluminum would take 
place at the solid-gas interface. 

Exactly such an opportunity exists in pack 
carburizing where carbon from the solid com- 
pound is made available to the hot gamma-iron 
solution through the medium of carbon monoxide 
gas. Depending upon the exact carburizing con- 
ditions and the temperature employed, the con- 
centration of CO in the gas contained in the pot 
or muffle ranges from 95 to 98% during the entire 
carburizing period. This is maintained by a 
regenerative action with the hot, solid carbon of 
the coke or charcoal (which is in equilibrium 
with the gas and steel) by the following familiar 
chemical reactions: 


2C tO. (Air) 2CO (1) 
3Fe + 2CO—Fe,C + CO, (2) 
CO, +C—2CO 3) 
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Reaction shown by equation (1) takes place 
until equal thermal conditions are reached, after 
which reactions (2) and (3) are in operation. 
These reactions mean that carbon monoxide, in 
the presence of iron at carburizing temperatures, 
gives up half of its carbon to the iron and forms 
carbon dioxide with the remainder, which in turn 


Vit Te oot 


is reverted back to carbon monoxide by the hot, 
solid carbon. All of the above statements refer 
to accepted facts and constitute nothing new. 

However, equation (2) can be rewritten in 
the following way: 


| Fe +C:O = Fe,C+CO> (22) 
CO gized and the calcium-energized compounds 
than a “catalytic” effect. 
This means that while two molecules of CO enter 
into the reaction, only one gives up its carbon to Conclusions 
the iron, momentarily releasing one nascent 
oxygen atom presumably to combine with the 1. The nature of the carburizing me 
other unaffected CO molecule. Since there is was found to be important in determining 
some solubility of oxygen (or carbon monoxide extent of the grain boundary attack in any ¢ 
itself) in hot steel, it can come in very intimate analysis of carburizing steel 
contact with other elements in solution which 2 Under those conditions in which su 
have a high affinity for oxygen, such as silicon attack did take place, (a) a longer carbu 
and aluminum. Since both of these latter ele- period yielded a more prolific condition 
ments are in solution in austenite and thus are direct or “delayed” quench in either oil or 
free to diffuse at a definite rate, it is most prob- showed no change, and (c) subsequent heat 
able that reaction (2) is not the only one involved, ment was ineffective in erasing an existing } 
The laws of physical chemistry suggest that the tion provided the surface layer was not sealed 
following reactions also take place, the extent of 3. Appreciable amounts of silicon in 
which are dictated by factors which we ¢annot at steel, within the range specified for S.A.] 
present evaluate: NE typés, produced a grain boundary p 
HCO +- Si + 9Fe = SiO, + 38Fe,€C + CO, (4) itate at the surface while a greater-than-n 
9CO + 2Al + 12Fe—Al.O, + 4Fe,€C + CO ; 


2) content of aluminum was required before a 


| 
it 


Why silicon forms the grain boundary constituent dom distribution of a non-metallic const! 
and aluminum yields a random distribution (as the carburized zone could be detected 


in nitralloy) is not clear. However, a review of results emphasized that this surface condtl) 


the data presented in this article, keeping in not exclusively associated with the high 
mind the chemistry of each type of steel, illus- NE9420 type steel. 
trates the difference both in type and quantity of !. There are several reasons why this ! 
inclusion produced by silicon and aluminum. rial probably is not graphite. 
Assuming that the above deductions are 5. Both microscopic and chemical 
essentially correct, the reason that samples car- indicated that the grain boundary con 
burized in natural gas (Code G carburizing a silica and alumina mixture formed dt 
medium) show considerably less surface attack burizing. Theoretical considerations W 
is easily understood. One must only reeall that oped as an explanation for this chemica 
it consisted primarily of hydrocarbons and con- in a so-called reducing atmosphere. 
tained but 1% CO and 1% QO, (subsequently Acknowledgments The writers 
converted to CO), which apparently supplied express their gratitude to those who | 
only limited quantities of nascent oxygen for an active interest in the development ol 
reactions (2), (4) and (5). It also follows that lem. They are especially thankful 
other gas compositions should produce this sur- Marshall of the Timken Roller Bearu 
face effect in some relation to the percentage of to F. E. Johnson and B. MeGiverin of 
contained CO. No explanation can be offered for ken-Detroit Axle Co., who cooperated 
the marked difference between the barium-ener- the experimental data. 
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By L. E. Gibbs 


Technical Advisor, Rome Division 
Revere Copper and Brass, Inc. 
Rome, N. Y. 

same time decreases its ductil- 

ity and toughness, an action 

: tvpical of many metals. As in 
Cartridge Brass pe materials, there is some 
. point in the cold forming proc- 
ess at which ductility is no 
longer sufficient to allow fur- 
ther deformation. Hence, 
annealing or softening ts 
(an elementary vedi: Suilemy Gelinas tata 

- 


tion can proceed. The extent 


to which the softening or 
annealing takes place is depend- 
° ° ent upon the amount of previous 
introduction) cold deformation and time plus 
temperature. Consequently, the 
cold working and annealing 
relationships go hand in hand 
and one cannot be changed 
indiscriminately without affect- 

a ing the other. 
| HE ALLOY OF 70% copper and 30° zine, It is important in setting up the cold working 
mmonly known as cartridge brass or 70-30 and annealing cycles that the proper relationship 
brass, is a versatile member of the brass family. be established to meet the properties required, 
Perhaps the title is as descriptive as any that either in cartridge cases or other articles. In 
could be devised to describe its properties briefly order to maintain the fastest production rate and 
namely, a brass alloy of high strength and the highest quality, this ratio should be held 
clility, capable of deep drawing. This and within the necessary limits. Later discussion 
lowing articles will discuss some of the proper- will describe briefly the limits indicative of those 
of the alloy and the means to control these required. The operating limits must be estab- 
perties. However, before proceeding, it might lished by experimenting with the actual equip- 

be well to review some of the basic facts concern- ment at hand. 


x the brasses, as well as some of the terms and 





thods employed to measure their properties. Hardness Designations 
Cartridge brass is a single-phase alloy con- | 
ng all alpha brass just like the rest of the It might be well also to review the methods 
pper-zine alloys containing about 65% copper used to describe cold working and annealing and 
more. Beeause they are single phase of the their extent. It is the custom in the copper and 
pha type, they cannot be heat treated to increase brass sheet and strip industry, particularly, to 
ngth and hardness. The only manner in refer to cold rolled (reduced) metals by the terms 
hich physical properties may be 
by add ene orbs Table 1 — Classification of Cartridge Brass by Cold Work 
By “cold” is meant the 
room temperatures » NomMINAI Per Cent Repuctrion (Approx.) 
ed in fabricating brass, as ' cEnren REDUCTION . Rene Rowe 
to hot working which es 3&S Gace No, | SHEET & oTuip Suaren, E1 
g : . c. 
S eauns, for copper-zine 
veen 1200 and 1600° F. Quarter hard 1 16.9 20.7 
drawing or fabrication aan me , ee — 
: . rhree-quarter hard 3 29.4 50.0 
dge case, or any other Hard { 37.1 60.5 
ticle, the cold forming Extra hard 6 50.0 75.0 
icreases the tensile Spring S oo.8 wt 
d hardness but at the extra spring - cor nea 
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“quarter hard”, “full hard’, “spring 


Table I! — Classification of Grain Size: 





hard”, etc. In Table I their meaning is 
shown in relation to the Brown & Sharpe 


gage system. This gage system is based 


NOMINAL 
GRAIN SIZE 


TyplicaL Us 


upon a constant percentage-dilference 0.015 mm. Slight forming operations. 


between gage numbers, and it conse- 0.025 
quentiy follows that there is also a con- 0.039 
stant difference between any two given 0.050 
‘ » 268 0S 
once or > ‘ > Si o : 

gage numbers the same number of digits 0.100 





Shallow drawing (automobile |} 

Best average surface after cold 
(automobile head lamp refle« 

Average drawing operations. 


and greater Heavy draws thick gages. 





apart. That is to say, the per cent differ- 
ence between 10 and 14 B&S gage num- 
bers is the same as between 22 and 26 B&S gage 
numbers. 

Practically speaking, this difference in gage 
numbers also represents an amount of cold reduc- 
tion for strip a reduction in thickness, and for 
rounds a decrease in area. Consequently, the 
term “quarter hard”, as an example, means a cold 
reduction, from an annealed state, of 1 B&S num- 
ber to final thickness. Obviously, with a given 
alloy, it also means definite physical properties 
(within commercial limits). Hence, the terms in 
column one of Table I are definite descriptions 
of physical properties of 70-30 brass and are so 
used in this article as well as by the trade. 

Thick plates and similar heavy gage metal 
are not within this category, since mill equipment 
is not capable of the cold reductions required. 

It will be noted that the last column is headed 
“Rods, Round Shapes, Etc.” These figures are 
based on area difference, and are used, as the 


Fig. 1 Grain Size 0.035 Mm. 


title denotes, for round shapes particularly; 
important to note that the amount of reduet 
for 4 numbers is not the same for a round seet 
as it would be for strip. It is preferred prac! 
in our plant to use, when speaking of rounds, | 
percentage reduction of cold working rather t! 
a number, because of the greater accuracy of t! 
description. 

In summation, the larger the cold reduct 
or greater the “numbers hard”, the greater is |! 
tensile strength, hardness and, at the same ti 
the lower the elongation and reduction in 
(the extent of change depending upon the a! 


Ductility Regulated by Grain Six 


Annealing, on the other hand, uses a sys! 
which describes in millimeters the average d 
eter of the crystals after heat treatment, 
monly known in the trade as “grain size” 


Fig. 2 Grain Size 0.090 Mn 


{nnealing Processes Are Regulated by the Grain Size of the Product, Which as Shown 
fbove Can Vary Within Wide Limits. Recommended practices for determining grain 
size are given in Specification E2-39T of the American Society for Testing Materials. 
See also data sheet in Metal Progress, 1941 Reference Issue (October), page 432 
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tion of the value and the actual sizes 
n in the standards of the American 
Testing Materials. The charts fur- 
hese standards show the actual size of 


may 





nist 

th s at the usual magnification of 75x. 

Tal tabulates commercial designations of 

) Caps range: d types of familiar articles in these 
rking val issifications, which would be applicable 
. ito 7 rass — or a similar alloy, deep drawing 
j brass copper, 33% zine nominal analysis). 





ind 2 indicate actual grain sizes at 75> 
ty il classes, 0.035 and 0.090 mm. respec- 





. wVeLy 

duct it is obvious that the larger the grain size 
se the softer the metal, which is shown by lower 
ea tensile strength and increasing elongation and 
ids reduction of area. Within commercial limits of 
er th furnaces and annealing equipment, there are 
oft © definite minimums and maximums which can be 


btained. These will be discussed later. 
In reference to cartridge brass and its par- 
ilar metallurgical properties, increasing the 


ne content of a red brass will increase the 
n al trength and also increase the ductility up to the 
al jepproximate composition of cartridge brass; 
ibove this point the ductility starts to decrease 
but tensile strength continues to increase. In 
the ratio between the 


7 
seating oF strat tal ile, aig 


fect, this means that 


syst ductility and tensile strength is at its highest, 
( which is quite important in the fabrication of 


artridge cases or other difficult deep drawing 
irticles. Modern cartridge cases, especially some 
leveloped in the course of World War II, repre- 
sent extremes of difficulty which are met but 
= rarely in ordinary peacetime production. It is 
2 n the production of some of these cases that the 
S properties of tensile strength and ductility are 
z most important. 
over-simplify the problem, in the course 
| drawing with a die and a mandrel there are 
lorees Which are exerted to distort the metal into 
i new shape and, at the same time, stress the 
metal very considerably. Hence, an alloy which 
will successfully cold deform must be strong 
enough to resist the tensile or other stresses tend- 


y r 


ET 


» 'g to fracture, as well as be ductile enough to 

® conform to the new shape being produced, 

HJ General Properties of 70-30 Brass 

! ig all of the brasses, 70-30 has this 
mi n to the greatest degree, which explains 


specified particularly for cartridge cases 
ntent 68.5 to 71.5% in most Govern- 
ment fications). This allows operations 
nearly the minimum in number, for 
a given part with the fewest pieces of 


mechanical equipment and in-between anneals. 

These properties also are important in the 
actual use of the case itself, as those familiar 
with the problem well know. 

The increase in strength with increasing cop- 
per content is shown in Fig. 3, which is self- 
explanatory. The figures shown are only approxi- 
mate; they are for annealed material and intended 
as a guide rather than for absolute values. 

It should be noted also that as the copper 
the effect of temperature after 
That is to say, for a 


content changes, 
cold working also changes. 
given annealing temperature an increase in con- 
tent of copper means that a larger grain size will 
be obtained. However this remark applies to the 
alpha brasses as an entire family — chemical 
specifications for a particular member of the fam- 
ily, such as cartridge brass, are written so that 
the grain refinement and growth under a given 
set of physical conditions will be reproducible. 
Variations in cold working and annealing cycles 
will cause a far greater difference in grain size 
than fluctuations in copper content, within the 
specified limits. (Since beta brass appears within 
the range of copper content of 58 to 63, approxi 
mately, crystals of beta tend to obscure the 
actual grain size.) 


Forming a Cup From a Flat Sheet or Strip 
Metal’s Quality 


Is a Searching Test of 
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as increase in stress. Value is generally conservative 
times lower than the 0.5‘ vield point.) This effect is 
copper-zine alloys of the alpha type except that those 
copper content tend to “level off” as the cold working 


ich Low 


t 
Muntz 





range of 8 and 10 numbers hard, and a very definite 


VON 


considering commercial equipment) tends to be reac! 
absolute maximum depends on the shape, which comn 


Elongation, ‘eached i » for ire 
% i? In usually reached in the form of wire. 


Fiongal 


Figure 5, indicating the change in properties 


Ww) 
VV 


> 
j 





application of heat, is predicated upon a given amou 

Tensile Strengt/ working prior to the application of heat. This rv 
| will be discussed in a later article. 

Q/60 Commercial practice on cold rolled (cold work: 


0.140 rial will range from extremely slight amounts for vy 


rength xi 


OF 
od 


SHE 


uses up to and including the tempers between 8 and 10 


or) 


Te: 


0120 bers hard in strip form. In rod and tubular form these hy 


100 reductions cannot be achieved, as a rule. Annealed 
grain sizes vary somewhat according to gage and, as 


Q080 3 


QO060 = 

Grain SIZ€ hig. 3 (left General a Tensile Strer 

0040 Influence of Copper 

iim Content on Properties 

r 7O 60 of Annealed Brass 
Copoer (Balance Zinc } Per Cent 





Rockwell B 


The specific propert ies of Apparent 


7()-! ng are ig j ; lastic Limit 
70-30 brass are shown in Fig. 4 Fig. 4 (right Elastic Luvut 
and 5, representing the effects o! Influence of Cold 
cold working and annealing, Rolling on Cart- 
respectively. ridge Brass Strip 
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Figure 4 notes the increase in 


/ 


>) 
rr, 


e Si 
Lint x O00 ~ Efongation 


tensile strength, “apparent elastic limit”, and Rockwell 
hardness as cold working (in terms of B&S numbers) 


one . . on a . Jor 10N, Yain 
increases. (The apparent elastic limit is a point above Elongation, 


yal 


, 
G/ 


which increase in strain is no longer at the same rate 





Pad 4 & 
Cold Working; B & § Numbe: 





Tensile Strength | 


—s 9 notes, most light gage metal is furnished 
j . . . 

Rockwell F | | grain sizes varying between 0.010 mm, and 

Elongation, mm. As the gage increases and the seve! 


S 


operation increases, the grain sizes are 


ably larger. The material going into « 


8 


cases will be in excess of 0.055 mm 


~Z~/ongation 


Q200 ‘ : , 
size seldom used in peace times. 


cult to define, exactly, “light” 2 


A warent “heavy” gages but light sages, com 
é Hastic Limit my a , Y 64 ght gag 


S 


N will mean somewhat less than 0.07 
0080 heavy gages over 0.075 in. It s! 
— noted that the relatively heavy 0 
R. Grain Size es over 4 
ud 400 600 800 1000 00 WOR cartridge cases represents practic 
None 1 HP Annea/l at Termperature, F not represent the largest peacetim« 
lighter gages with resulting sm 


Limit «1000 


Tensile Strength and Apparent Elastic 


in. being used for certa! 











hig. 5 Physical Properties of 70-30 Cartridge 
Brass. Cold Rolled 6 B&S Numbers Hard. sizes are in more general use, large 
Then Annealed 1 Hr. at Various Temperatures of surface effects to be discussed |! 
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Openhearth Men 
Diseuss Their 


Wartime Problems 


rg’ 

['., NarionaAL Opennearru Com™rrree of the 
\merican Institute of Mining and Metallur- 
vical Engineers met in Cleveland last month 
for its 26th annual conference, with the pur- 
pose of discussing methods for sustaining cur- 
rent production rates in the face of problems 
which have arisen from wartime conditions. 
With able guidance from Leo F. Rerarrz, 
chairman, 651 operators and technicians gave 
well-balanced attention to 33 subjects, so the 
conference provided a thorough survey of 


e\isting practices and problems. 


Rapid Furnace Repairs 

Operators discussed the rebuilding of fur- 
haces with more illustrations and details than in 
previous years. The fact that some reported 
complete rebuilds in 66 hr. for 175-ton furnaces 
ind 38 hr. for 70-ton furnaces indicates the 
speed which has been made. Tractors are being 


sed cre. ; , . . , = . 
used easingly to tear down and remove brick- 
vorl th resultant savings in labor and time. 


of slag pockets has been expedited by 
rags out the accumulated material in one 
ie Ss: A heavy billet resting on a fulerum 
d under slag in the pocket and a load, 

ic] i ladle full of old bricks, is lowered on 
) nd of the billet, raising the entire slag 
nu ugh so that chains can be placed 
The chain is attached to a strong cable 





Reporte “ld by 


H. J. Forsyth 


Vili Metallurgist 
Republic Steel Corp., Buffalo, N. ). 


which is anchored securely at 
its other end across the building 
and looped over the hook on a 
ladle crane. By raising the 
crane hook the chunk can be 
pulled out intact. Further econ- 
omies in rebuilds and mainte- 
nance come from the use of 
rammed bottoms which appear 
to be generally accepted and 
approved, On the other hand, 
reports concerning basic roofs 


were unfavorable. 


Heavy Oil Is Best Fuel 
Producers were emphatic 
in stating that “cutting” low 
gravity fuel oil with lighter 
grades produced no true econ- 
omy. Cut-fuel has been found 
to lower production rates and increase mainte- 
nance delays; because lower pressure must be 
used, more gallons are required per ton of steel 
melted. It was reported that a change from oil to 
natural gas lost 10% in steel production rates. 
Education of furnace operators and provision of 
proper fuel controls appear to be the most prac- 
tical methods of conserving oil, and a marked 
increase in automatic furnace control installa- 
tions during 1942 indicates that steps are being 
taken in these respects. 


Much Light Scrap Remelted 

Due to increased blast furnace capacity and 
anticipated larger supplies of home scrap the raw 
material (scrap) situation will be less critical 
during the coming year. However the War Pro- 
duction Board will not relax its efforts to obtain 
scrap from civilian sources so adequate reserves 
can be assured. Furthermore, it was predicted 
that at least half of the purchased scrap will 
consist of turnings and borings. This led to dis- 
cussions concerning their use in openhearth 
charges and it became evident that utilization of 
such materials is one of the most serious current 
operating problems, 

Turnings now contain from 5 to 15% oil by 
volume, and are responsible for the deterioration 
of furnace refractories. Since many steel mills 
are using 10 to 20% turnings in the openhearth 
charge, trouble has also resulted from flue dust. 
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that the 
within a 


However, it was unanimously agreed 


widely varying analyses encountered 
single car or shipment of turnings caused the 
most serious difficulties. Several operators have 
found bessemer, plain carbon and alloy steels 
(or even bearing metals) in the and 


although thorough sampling has spotted such 


same car, 
mixtures and aided in their separation, it has not 
greatly reduced the current problems. Unantic- 
ipated alloy or sulphur residuals in the charge 
mean changes in production schedules, delays in 
operations, waste of recoverable alloys, and pres- 
ence of undesirable ele- 
ments in the finished steel 
which may seriously 
affect its properties. In 
addition, the W.P.B. is 
holding steel mills strictly 
accountable for the recov- 
ery of 


alloys in serap, 


and since turnings will 
be used increasingly dur- 
ing the coming year, they 
must be more carefully 
segregated by suppliers 

if the alloying elements 

It was felt that the machine 


shops and fabrication plants must be more thor- 


are to be conserved. 


oughly educated in the proper segregation and 
material. At the time 
operators were told that much remains to be done 


cleaning of such same 
in the segregation of home scrap. 

To assure maximum recovery of alloys from 
turnings or borings, one producer charges them 
into the blast furnace on special runs, so pig iron 
or hot metal of known alloy content is obtained. 
This appears to have interesting possibilities, 
especially in melting shops producing large ton- 
nages of alloy grades. Other plants are shredding 
and centrifuging loose turnings; the oil content 
may thereby be reduced from as much as 55 gal. 
to 1 or 2 gal. per ton, and material which weighs 
10 to 12 lb. per cu.ft. is concentrated to approxi- 
mately 30 lb. per cu.ft. Briquetting is also being 
adopted in plants; first 
washed with hot water, hydraulically compressed 
to remove oil and then fed into the briquetter. 


various turnings are 


Any remaining oil is subsequently burned off by 
passing the briquettes through a continuous fur- 
nace operated at 1500° F., the operation being 
controlled so that oxidation is kept to a minimum. 
It was felt that resulting economies in handling 
and furnace costs defrayed the expense of this 
procedure, but emphasis was placed on the fact 
that briquetting by no means reduces the neces- 


sity for careful segregation of waste material by 


analysis at the source. 


Manpower — and Women Steelworkers 
Wartime difficulties were further 1 
a discussion of personnel problems. W 
ily decreasing manpower reserves, at! 
being given to employment of women. 
the number of women employed for oy 
work varied widely in representative sh 
generally agreed that they were being 
cessfully for recording and for some 
common labor. Several employers report 
able experience with women in mas 
but few have used them for crane-men or fu 
helpers. 
tive labor market, more than no 
efforts are being made to imp 
working conditions and to }b 
about closer personal contact bet 
employees and supervisors. | 
men are considered to be th 
important agents in maintaining 
dial relations with employees, a 
present several producers cond 
special training courses for ther 
EARLE C. SMITH gave some j 
esting details, learned on a r 
visit to English steel mills. At} 
ent 13° 
some of whom are being used for heavy w 


of the employees over there are 


others for highly skilled work such as blo 
The was 
mills soon may be forced to ! 
this example. He also stated that 
steel plants in England have been highly suc: 
ful, the fact that blackout equipment! 


mill rolling. conference warned 


American 
blackouts 


and 


; 


inspected four times on each shift indicates | 


attention given to details. 


Production of NE Steels 

Technicians and operators compared 
on the manufacture and properties of NE ste 
As is well known, these grades were developed 
replace conventional alloy steels so that rese! 
of virgin alloying elements could be mainta 
They have proved entirely satisfactory when | 
duced with the same care that was give! 
they replaced. A check of practices sh 
the production of NE steels permitted m 
tion in quality controls. Most grades 
slow cooling after rolling to preven 
CHarLes H. Herty reported that the ‘\ 
duction Board was anticipating heavy 
for the NE9400 series which specify 0.0% 
molybdenum, and expects operators 
75% of the final alloy content from sera 
which further emphasizes the necessity 
ful segregation of scrap. Maximum ut 
molybdenum contained in scrap will b 
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heat is blocked. 


st important alloy problems, since 

m is becoming scarce. 
rhe record demands for high quality steels 
ull attention to technical discussions. 
‘rreLD won the McKune Award for a 
scribing production of NE1330 steel in 
()- isic furnaces. It had been the usual 
, make this grade with a block of 15% 
iron, so that large additions of ferro- 
se were necessary. Since the heat had 
be taken low in carbon to permit this, the 
ladle analyses were erratic and quality suffered 
from the chilling effects of large manganese addi- 
tions. By blocking with silicomanganese these 
undesirable conditions were minimized, and the 
quality and chemistry were greatly improved. 
Education and training of melters and first help- 
ers in the new technique was the most difficult 
problem encountered in this change of practice. 
lo meet the specification of 0.28 to 0.33% 
carbon and 1.60 to 1.90% manganese, Mr. WiG- 
rieLp stated that the bath should analyze 0.18% 
carbon and 0.30% manganese, while total Fe,O, 
in the slag should approximate 17% when the 
At that time 1000 Ib. of silico- 
manganese is added to the bath and the fuel is 
the furnace for 5 min. under 80 Ib. of 
steam pressure. Fuel is then shut off for 10 min. 
to stop any action in the bath. At the expiration 
[ this period the bath should be quiet and the 
il is turned back on under 40 Ib. of steam pres- 
sure. This continues for 10 min. and by this 
time the melter normally receives a report on 
carbon and manganese for samples taken from 


eit on 


the bath just before the silicomanganese was 
added. If results are satisfactory final samples 
ire taken from the slag and bath, and 2000 Ib. of 
ferromanganese is added to the heat. 
Steam pressure is increased to 60 Ib., and the 
completely melted during the 
lo-min. period required for laboratory analysis 
as chemical results 
ire received final adjustment to manganese con- 
‘ent is made and this seldom requires more than 
100 tb. of 80% ferromanganese. As the heat is 
‘tapped, aluminum, ferrotitanium, and ferrosilicon 
are added to the ladle. It was stated that with 
the old method of using silicon pig iron for block- 


SU 


manganese is 


| tapping tests. As soon 


ing, melters finished within the specified manga- 
nese range on only half of the heats tapped, but 
with silicomanganese, more than 90% met the 
Manganese specifications. In addition to describ- 
ing this finishing practice, the paper stressed the 
Impol e of specifying steam pressure to be 
used for fuel throughout the melting period. 

( interesting figures were given on the 
USE 


manganese as a furnace block. It has 


been found that one point of silicon (0.01%) 
added for each 1% of FeO in the slag will hold 
carbon constant for 1 to 1% min. without danger 
of phosphorus reversion. Three times this 
amount of silicon has been used successfully 
without phosphorus reversion when burned lime 
was added before the bath was blocked. Use of 
silicon alloys in this manner enables them to be 
substituted for aluminum blocks which can be 
used only sparingly, if at all, under current 
restrictions on the metal. 


Scabs on Ingot Butts 

T. J. Woops presented a paper concerned 
with the formation of scabs during pouring; it 
had special interest because it opposed several 
prevailing opinions on this subject. Data were 
primarily concerned with semi-killed ingots 24x54 
in. in cross section and 82 in. high. These are 
rolled to slabs for plates, and freedom from scabs 
is an important consideration. 

Several molds were followed throughout their 
service and some were coated with pitch or tar 
before each pour while the balance not 
coated. Although ingots produced from bare 
molds had more scabs before they were charged 
into soaking pits, there was little difference in the 
amounts of scabs present on the product from 
after had been 

Thus it was concluded 


were 


coated and bare molds ingots 
heated and rolled to slabs. 
that those scabs which are caused by omitting 
mold coatings are almost entirely eliminated 
by sealing during soaking. 

Nevertheless, scabs persisted on the finished 
product even when heats were cleanly poured 
and it was noted that these usually occurred in 
clusters, and on product from the bottom end of 
the ingot. There was no regularity in size or 
shape of defects, and it was sometimes possible 
to fit separate scabs together like pieces of a jig- 
saw puzzle. This indicated that these defects had 
originally existed as one piece, and further inves- 
tigation led to the conclusion that they arise 
from a shell formed at the bottom of the ingot 
during initial stages of pouring. The pouring 
stream strikes the mold stool and the splashes 
rebound against the mold wall, solidify, and form 
a veneer or shell. As the pool of metal in the 
mold increases, splashing becomes progressively 
less so that the “shell” is confined to the extreme 
mold or ingot bottom. This shell may be 14 to 
20 in. high on the mold walls before 3 in. of the 
ingot has been poured. Therefore the extreme 
ends and corners of the shell form scabs because 
they completely solidify before molten metal can 
rise to melt or weld them into the ingot proper. 

(Continued on page 944) 
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production of berylliun 
est metal, and its light 
been feloniously restri 
great detriment of the 
aircraft industries, and 
for this, the new m 
« have long since replac 
Beryllium ——- num and magnesium a 
light, super-strong 1 
super-speedy aircraft. Thes 
tions are so far from the 
that the statement of facts ree 
y — | h | issued by the War Meta 
Facts a oul t ce meta 9 Committee is in order. First, | 
ever, a brief note about the A 
can developments may be ti 
Charles F. Brush, Cleyw 





V Rain yioneer in the electric lig 

rather than Fancies rade Rael o 
and founder of the Lind 
Products Co., became interest 

the metal in 1921 and emp! 

Baldwin Sawyer to condu 

ratory work. From this 


7 
—_— INTRODUCTION During the early days Brush Beryllium Co., with reduction p! 
of the Office of Production Management, the Lorain, Ohio, producing mostly a master 
S. Treasury's pur- containing 4° Be, 96° Cu. Price was 
lb. of contained beryllium until 1937; at p: 


Metals Reserve Co., and the U 
chase of strategic materials, great pressure was 
brought to bear on officials in those governmental iL is S1/ which still sounds expensive 


groups to “get busy and do something about Hugh S. Cooper, who had had a patent 
beryllium”. Even so accurate a reporting service for several years, and Maurice D. Sarbey 
as Science Service was guilty of broadcasting the commenced working on beryllium in Cle 
following: ; about 1923. They were employed by one 
“Beryllium, two-thirds as heavy as aluminum subsidiaries of Union Carbide & Carbon Co! 
and several times as strong, may produce greater was about the same time the Germans lx 
changes in the next 10 years than aluminum in exploring its possibilities, and out of the G 
the last 30. Military and transport planes, air- 


plane engines, other means of transport; machine 


efforts came the patents Siemens & Hals 
Carbide & Carbon later offered its patents | 


tools; electrical equipment and dozens of other and from them stemmed the Beryllium | 
fields, on many of which the metal has not yet Pennsylvania in Reading. The fundan: 
made even the slightest impression, will feel the ents on the reduction process and th 
effects of the feathery light metal whose remark- 


able properties include, when properly alloyed, a 


alloys are old and have expired, so the pr 
efforts now are to devise ways and 


producing the metal more cheaply and | 
its field of usefulness. As shown in the |! 


strength higher than that of steel.” 

Testimony by the President of the Beryllium 
Corp. of Pennsylvania before the Temporary 
National Economic Committee (the “Anti- 
Monopoly Investigation of 1939") concerned the 
difficulty he had had prior to 1934 in securing 
licenses to use patents on the manufacture and 


report, the principal obstacle is the scar 


Digest of a Report Dated April 194 
War Production Board by the A 
Committee on Metals and Mine 


use of beryllium and its alloys issued by the U. S. ; ee 
the National Academy of Scie: 


Patent Office to the German electrical concern of 
Siemens and Halske. 

This testimony touched off a continuous 1. Beryllium is a metallic ele 
stream of articles in the daily newspapers and chiefly in the production of heat treata! 
the popular magazines. The result was to form copper base alloys for electrical cont 
a picture in the average American’s mind that the small springs, and similar metallic p 
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n fluorescent lamps, 


ind ceramics. It may 
an alloy for 


used as 


ind aluminum. 





potential use ol beryl- 
is the present supply, 
= ting (a) the immediate 


re sources ol bery llium 


. i cularly in this country 
4 the limiting of new 

if eryllium and the study 
substitutions until such 

more beryllium ore 1s 

\merican consumption of 

\ ore in 1941 was about 
) s, mostly imported from 

. ind Argentina. Our pres- 


Ip! of ore in private com- 
that 


fig vl can last at present con- 


. iow totals about 
rates until summer. 
H000 total tons of ore are 
for 1943, and may reason- 
5 L) expected. 
More than 90 of the 
d for beryllium metal is for 
he beryllium-copper alloys. Cur- 
the American production of beryllium 
alloy containing around 4° 
m is at the rate of about 3,000,000 Ib. per 


lhe demand appears to be some 40‘ 


mastel 


the supply. However, expansion of facil- 
es for its production is under way, sufficient to 

rround 10,000,000 Ib. annually. No cor- 
other 


ling expansion is projected for 


I \ m products, 


The Uses of Beryllium 


principal use so far developed for the 
in the production of strong, heat treated 
base alloys in which the beryllium content 
m about 0.3 to 2.5°' 
second most important use of beryllium, 
much smaller, is in the form of oxide or 
n-metallic products in the fluorescent 
iy, cathode ray, and television indus- 
tain beryllium salts have the quality, in 
vith several other materials, of trans- 
short-wave radiation and cathode rays 
Such 
wn as phosphors, and the beryllium 


radiation. materials are com- 
the most important ones now in use. 
hird largest use for beryllium is for 

| cluding refractories. Beryllium metal 

4 | in small quantities. 

4 resent source of beryllium is the min- 

mi found in pegmatites, in which, com- 


Crystalline Granite 
steel and glass. is 





Well Developed Hexagonal Prisms of Bluish-Green Beryl in a Piece of Coarse 


Pegmatite). Beryl is intermediate in hardness between 


frequently semi-transparent. Colors vary and may 


assume the color of the enclosing rock. being at times either brown or whit 


mercially, the beryllium oxide content is about 10 
to 12 


about } to 5¢ 


and the metallic beryllium content ts 


Beryllium Ores 


There are some 30 beryllium minerals but 


most ol them are rare and have never been 
seriously considered as commercial sources 
Typical chemical analyses of the more impo! 


tant beryllium minerals follow 


(LHEMICAL COMPOSITION 


MINERAI BeO ALO S1O OTHERS 

Beryl 14.0) 19.0 67 ‘ 
Chrysobery! 19.8 80.2 

Phenacite $5.55 94.45 

Helvite 13.6 32.5 51 MnO. 5.8 8S 

ldocrase 9.2 9.70 34.295 CaO. MnO, ZnO 


The present consumption of beryl ore is at 
the rate of about 7 tons a day and may reach 20 
tons per day later in 1943, if adequate ore sup 
plies are obtainable. It is now estimated that 
at least 8000 tons will be needed in 1944. 

The wider utilization of beryllium for the 
war effort depends primarily upon the quantity 
Scheduled 


requirements of beryl ore represent an opinion 


of beryllium ore that can be obtained. 


as to available supplies rather than quantities 
that would be used if more could be obtained. 

Most beryllium ore has been obtained as a 
by-product of mica, lithium, and feldspar mining 
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Large crystals of beryl are sometimes found by 
prospectors, but more often uncovered by feldspar 
mining. In such mines, a ratio of recovered beryl 
of one-half ton per 100 tons of rock moved is 
common. Practically no mining operations have 
been started primarily because of the presence of 
beryl, and this remains an important possibility; 
such mines would have to contain beryl crystals 
large enough for hand sorting, as concentration 
methods for small crystals still are unknown. 

What is needed is the discovery of one or 
more veritable “mountains” of beryllium ore. A 
concentrated search for new and better deposits 
is clearly indicated. 

Generally, beryllium minerals tend to occur 
in so-called contact zones, by which term geolo- 
gists mean the regions where the nature of the 
rocks abruptly changes. Principal source of beryl, 
for instance, is in pegmatite dikes, regions where 
liquid rock magma or lava has entered extensive 
cracks in the earth’s solid crust, and there cooled 
very slowly to a coarsely crystalline granite. 

World’s production, as estimated by Allan 
F. Mathews of the U. S. Bureau of Mines, 
amounted to about 450 tons annually in 1935, 
1936 and 1937, and about 1000 tons in 1938 and 
in 1939. Argentina and Brazil produced 2300 tons 
in 1940 and 4000 tons in 1941 (other countries 
not reporting). American production of beryl 
ore has ranged from less than 100 to somewhat 
more than 150 tons annually, mostly from Colo- 
rado and South Dakota. 

Canada has several known deposits, one 
locality producing 177 tons of beryl in 1939. 
India has possibilities for increasing its opera- 
tions, and important deposits have been reported 
in Belgian Congo and in Mexico. The real sources 
of ore are in South America. Brazil has two 
rather large deposits inland from the southeast- 
ern Atlantic shoreline. Beryllium ore production 
is affected by the seasonal factor of heavy tropical 
rains during the period from December through 
April, when ore is not transported to ports. In 
Argentina, commercial beryl ore occurs in the 
mountainous regions which protrude from the 
plains about midway between Buenos Aires and 
the Andes mountains. No imports of beryllium 
in any form have been reported in the United 
States from Argentina since January 1942, but 
some shipments are now scheduled. 


Stocks in This Country 

A canvass of principal consumers recently 
indicated that stocks of beryl in private hands 
amount to about 2500 tons, or approximately 
equivalent to last year’s demand (1942). 

A 3000-ton stockpile has been authorized by 


the War Production Board, but only s 
eries have been made. However, | 
Reserve Co. has a general underwriting 
with Brazil and recently has placed ord 
on shipments from several countries 


Recommendations About Ore Supplies 


1. Granting a favorable foreign m 
shipping situation, beryl supplies fro, 
sources may aggregate 6000 tons in 194 
likely to fall short of an estimated mai 
ing capacity (demand) of 7200 tons. 

2. Any large scale expansion of the 
of beryllium in excess of the yield from 
10,000 tons of 10% ore a year rests upon | 
discovery and concentration of large low-g 
ore or on new discoveries of higher grade oy 

3. Every effort should be made to ine: 
production from western hemisphere mines 

+. If reports of investigators in South A) 
ica are favorable, steps should be taken to iner 
production there to the economic limit 

5. Unless new favorable developm 
change the overall picture, not more than 6 
tons of ore should be scheduled for consump! 
in 1943, and any ore over and above cur 
requirements should be stored until a stock; 
of 10,000 tons is created or until large 
domestic sources of production are tapped 


Production of Master Alloy 


The chief use of beryllium is for berylliv 
copper alloy to obtain a_ strong, heat treat 
metal for electrical contacts, clips, small springs 
diaphragms. For the production of these cop; 
base alloys containing beryllium, a so-called n 
ter alloy containing about 4 to 4.5% berylliu 
first produced. The final copper base al 
beryllium content varying from about 0.3 | 

Editor’s addition—- The master alloy ts 
duced by Brush Beryllium Co., the leading 
est, directly in a simple are furnace from a 
of carbon, beryllium oxide and copper. Th 
idea was patented by Lebeau in 1897 bul 
abandoned by the Germans. Precautions requ 
to make the process commercial were Gisco’ 
by American research, operating quite 
ent of the German industry, and are « 

U. S. Patent 2,176,906. 


Beryllium-Copper Alloys 


Beryllium-copper is heat treatable 
the strongest copper base alloy. Extens 
have been carried out in various labo! 
endeavors to broaden the use of berylli 
alloys and to take advantage of thei 
properties of high fatigue strength, e 
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ss, relatively high tensile strength and 
nductivity, excellent corrosion resist- 
ae Be ance | wear resistance, good resistance to 
callin nst steel, good resistance to room tem- 
reep (elastic drift), and various fabri- 
intages associated with heat treatment 
tation hardening. Such studies have 
now e fruit to such an extent that the 
hreatens to exceed the supply. Both cop- 
n are conserved by the use of beryllium- 
loys when they replace bronzes. 
e can be no doubt as to the relative 
rity of this alloy for many important 
plications in both the peacetime and the war- 
time economy. At the present time beryllium- 
s being used in parts of aircraft, ships, 


sup 


ctioadita coe 


ppel 


J 





- ® tanks, guns, shells, instruments, engines, motors, 
nere “| 
es 
Am 
nere 
met 
n 60) 
mpt 
‘urre 
cky 
- 
} 
liu 
reate 
ring 
‘OP 
im 
un 
he Hub Cones for Adjustable Pitch Propeller, Made of 
. Beryllium Copper (Courtesy American Brass Co.) 
* ’ id telephones, telegraph, tools, and electrical 
-_ itrol equipment for machinery and fire protec- 
b Where small parts are involved, design fac- 
® ‘ors often explain the use of this alloy. Thus, in 
; iny aireraft instruments, its properties war- 
‘ » rant the use of a smaller part than would be 
ecessary with other materials. 
; Virtually 100% is now going to vital compo- 
' direct and indirect military end-products. 
; \ igly, if supply is insufficient, substitute 
m mate is will have to be found. In general, 
) ~ copper has replaced phosphor bronze, 
- bronze, and alloy steel, and these mate- 
: ils ide the most likely substitutes. Alloys 
s S less beryllium than the conventional 
os . will, no doubt, suffice for many uses, 


rk on low temperature heat treatment 
rked brass and bronze has already 


resulted in the replacement of some beryllium- 


copper springs. 


Nickel-Beryllium Alloys 

Physical properties of age-hardening alloys 
of nickel are good, but are obtainable in other 
alloys of nickel at lower cost. 


Beryllium Metal 


Beryllium metal is used to make vacuum 
tight windows for X-ray tubes. The metal is first 
made in a vacuum melting equipment and cast 
into small ingots. The metal can then be hot 
rolled the rolled pieces having a very slight 
plasticity and bendability when cold. They can 
be mounted as windows in X-ray tubes and have 
the advantage of transmitting soft X-rays up to 
20 times as well as the next material. (Editor's 
addition C. Baldwin Sawyer, the American 
authority, writing in Metals and Alloys for Octo- 
ber 1940 said: “If a revolution can be effected 
in industry through the use of beryllium, 
would probably come by making this ‘light’, brit- 
tle material ductile. The same may be said of the 
element silicon, which is almost as ‘light’ as beryl- 
lium or magnesium and vastly more abundant 
than either, though too brittle for direct use. 
The commercial production of ductile beryllium 
seems still far removed from the present, and 
there is therefore no purpose in stressing its 
light weight.” 


Magnesium-Beryllium Alloys 


It has been reported that a small amount of 
beryllium is helpful in connection with the manu- 
facture of magnesium base castings. Beryllium 
is almost insoluble in molten magnesium at all 
temperatures, and there are no magnesium base 
alloys containing any substantial percentages of 


beryllium. 


Aluminum-Beryllium Alloys 


A great deal of work has been done looking 
toward the development of a suitable aluminum- 
beryllium alloy. Tests on certain alloys, made 
experimentally, show that the hot strength is con- 
siderably above that of other aluminum alloys. 
The thermal conductivity is also of a high order, 
and the thermal expansion is low. These proper- 
ties seem favorable for aircraft pistons and cer- 
tain other engine parts. After much experimental 
work there has been some progress in producing 
workable ingots of approximately 35% beryllium 
weighing 10 or 15 lb. Even from these small 
ingots small instrument parts and various special- 
ties requiring low density, stiffness, and good 
machinability could be (Continued on page 942 


June, 1943; Page 907 





made of 2'%-in. steel plate 
% unduly surprised, for on seco 
recalled that the reduced metal 
that it floats on the electrolyte, y 
bon electrodes bringing current 
pass through this metallic lay: 
would undoubtedly and effectiv: 


Critical Points circuit the whole unit unless the 


tion and temperature of the elect 
accurately controlled for high condy 
the anode-to-cathode gap be small and 
‘ae form, and the supernatant metal led ay 
By the Editor as fast as it collects. ...Cell feed is sor 
what different from that used in the ea 
days of the Dow magnesium process 
the granular chloride now contains 
molecule of water of crystallizati 
Gases drawn off from under the e 


_ MARYSVILLE, north of Detroit, to attend the roof are a mixture of chlorine, hydrochk 


formal opening of one of the new mag- acid and steam, of no present economic val 


nesium plants, this one built in nine months they are converted to dilute HCl in an adj 


by Austin Co. for Uncle Sam’s Defense Plant ing plant and neutralized in the “hard” wat 


Corp. and operated by Dow Magnesium Corp. of Lake Huron, flowing down the river near! 


Chief raw materials are magnesium chloride .... Everywhere is evidence of desire to s 


(purified from brines pumped out of the earth), critical materials. Roof trusses of wood rat 


electric power, and “know how”, the last sup- than steel; whole building frames of reinfor 


plied by a continuous develop- concrete; walls and partitions of brick; sto: 


New plant mental program since 1916 silos of cement blocks: acid handling eq 


for making standing at about S3 million on ment of ceramics and wood; conductors 


magnesium Dow Chemical Co.’s_ books silver — vet nowhere, the Austin Co.'s « 


and let it be said, the one thing neers aver, is there any harm to correct desig 


that could not have been created in a few or functioning. 


months no matter how dire the national emer- 


gency. Power is brought in on high tension b igdcrsnegeriomcom Research Laboratory, 


lines, transformed to low voltage direct current spent a stimulating morning will 

in mysterious looking tanks said to contain ALMEN and his staff, who are now transla! 
electronic tubes (but why should a vacuum their accumulated experience with 1 
tube be more “mysterious” than a rotary con- on automotive parts to the correction of falig 
verter or any other electrical device?) From failures in ordnance. Three or four conce| 
the substations to the cells, in long buildings are fundamental to the work: First is tha 
adjoining, the current is carried in silver chemical analysis of a steel, if it is 
busbars, the metal being loaned from the sound steel, has relatively little to 
Treasury's hoard. Much to-do was made over fatigue failures in service. Even in 
the supposed value of $18'2 million for the laboratory testing, the “endurance limi! 
4) tons of it, based on the political valuation out to be close to 50% of the ultima! 

of 71.1l¢ per troy ounce, for methinks it would strength, and since steels may vary fr 

be illogical to value it even at 45¢, the open ultimate to 250,000, this means that co! 
market price for silver, but rather it should be and heat treatment have an influen 
regarded as of worth no more in this service magnitude is theore! 
than the copper it replaces. ...Surprised at the Fatigue no most on the order o! 
complex metal construction of partitions, respecter of | one. Even this differ 


coiled anodes and their connections within the alloy steels ishes in steels heat 
electrolytic cell itself — a gargantuan bath tub the same hardness; 


Vetal Progress; Page 908 





pos 








mical composition they then have 
ly the same strength in tension and 
laboratory endurance limit. Yet 
wed some full-sized tests on a sim- 
where nothing but easing the fillet 
lius an end-boss increased the service 
n or eight times! Tests like this 
it design has a far greater effect on 
wy performance than nature and con- 
the metal... .Still there are those who 
rving about the lack of fatigue tests on 
new NE steels! Even if they should forget 
the above considerations they should remem- 
ber that nobody knows how to use the labora- 
tory endurance limit in engineering design. ... 
lhinking further along this line of substitute 
steels, recollected that some years ago the 
Cadillac transmission was redesigned; expen- 
sive high alloy “Krupp” gears were replaced by 
simple low alloy S.A.E. steels and the weight 
educed 50%, 
maximum load increased 4% times. When the 


yet the minimum test life under 


shape of the gear teeth was improved for cor- 
rect application of load, the bearings changed 
nd supports strengthened to minimize the 
clastic misalignments, the damaging repetitive 
stresses were so lowered in intensity that 


iimost any steel would endure! 


Ape fundamental concept is that fatigue 
failures are always due to tension stresses. 
Compression fatigue is impossible — or, put in 
other way, compression loads may induce 
damaging tension stresses in conjugate direc- 
lion, but it is the tension stress that causes the 
rack. Add to this concept the fact that most 
fatigue failures start at the surface and you 
rrive at the corollary that the way to improve 
lurther the fatigue resistance of a well-designed 
hine part is to lock up some internal com- 
ressive stresses within the surface to neu- 
iralize at least a part of the tensional service 
dls rhere are several ways of doing this 
st simply by proper quenching. For 
example, a hollow cylinder- 


( , ; , 
ompressed head a heat treated alumi- 
surfaces num alloy casting — failed by 
improve fatigue, and the crack started 


endurance from the inside of a water pas- 


sage. The cure was to quench 
solution heat by a jet through the 
el vater passages; the surfaces first 


ve compressive stresses induced in 


them....A second way is by nitriding, which 
builds up chemical compounds of larger vol- 
ume than the original iron, and so sets up a 
surface layer of alloy in compression, (Car- 
burizing also increases the volume, but unfor- 
tunately the temperature is so much higher 
that the core creeps under the load and relieves 
most of the stress induced in the case by the 
added amount of carbide; even so, the changes 
of volume on martensitization give a somewhat 
compressed case and tensed core.)....The 
third way is by far the most potent — peening, 
shotblasting, burnishing, or otherwise cold 
working the metal to a depth proportional to 
the size of the piece. This brings us to a sur- 
prising situation where a propeller shaft, 
peened by shotblasting, may have a surface as 
rough and sharp as emery paper; it would 
appear to be infested with stress raisers or 


notch effects, yet the “cold working” treatment 


raises the life at working loads tenfold! 


tig Harrison, near Newark, and was wel- 
comed at the Hyatt Bearings plant by Tom 
CoUNIHAN and other metallurgists in his 
department. Found that “standard” roller 
bearings (in contradistinction to aircraft bear- 
ings) are made of carburizing steels, but that 
most of them have been changed from the 
S.A.E.4620 to an analysis that conserves nickel, 
the so-called “Roller Bearing Engineer's Com- 
mittee Steel”, containing 1 nickel, 4% 
chromium and 14° molyb- 

Low nickel denum, popularly called 
RBEC-1620. Adoption of 
this steel was not difficult, 


steel for 
roller bearings 
as one important roller 
bearing maker had determined, in many years’ 
study, that the 2% nickel in S.A.F.4615 could 
be cut in half without detriment to manufac- 
turing, test, or service performance. At Hyatt 
the finish-machined races and rollers are gas 
carburized and oil quenched direct from the 
retort, then requenched from 1525° F., washed 
and tempered in continuous units 
requenched not so much to refine the grain as 
to improve the uniformity, point to point, and 
piece to piece. (Moderate to large sized races 
are quenched in fixtures.) Final operation is 
grinding.....Roller bearings for aircraft are 
mostly of 52100 (14% C, 14% Cr), possibly 
because designers have been impressed with 


the good performance of ball bearings made of 


June, 1943; Page 909 


this steel and are loath to make any changes. 1) pieerweg too short a day to the coppe; 
To save weight the races are comparatively eries bordering Raritan Bay, locatio, 
thin — more like a hoop. To avoid distortion such unconventional operations as the eas 
they are time-quenched on a fixture; the hot of pure silver slabs for busbars, 300) tons 
ring contracts as it cools, grips gilding metal (a 10% zine brass) from a sing) 
Thin races the fixture and “sets” itself copper refining furnace, and continuous cas 
held to close while still in the ductile aus- ing of 3-in. billets of phosphor cop, 
dimensions tenitic stage. As the change in all that day could but give cursory view ; 
to hard martensite occurs with operations at the Barber plant of Americs 
further cooling, the hoop expands slightly and Smelting and Refining Co. Fortunate, hoy 
frees itself. The operation is critical; oil tem- ever, in being guided about by ALBert Puy. 
perature must be constant; pressure is main- superintendent of the research departny 
tained steady by a gravity tank at each which has tackled all manner of problems 
machine; time control is automatic so the ring the refining of the principal metals copp 
comes out hot and smoking at 275° F., to cool lead and zinc, and the usual byproducts g 
in air. Each ring is tested for run out —if silver, antimony, bismuth, cadmium a 
out-of-round beyond limits it is brought to indium. New methods are developed in 
dimension during the tempering operation... . . tube or scorifier, then transferred to dwar 
COUNIHAN emphasized the importance of cor- commercial equipment specially assemb| 
rect inspection in all these operations in mass then to a pilot plant which forms the basis 
production. Seemingly the more “automatic” engineering design. The inevitable Cens 
the machinery becomes, the more sure you deletes mention of two extremes in this gan 
must be that unexpected maladjustments do now under development... ..Fascinating is | 
not produce quantities of off- story of the enormous amount of work lock 
Inspection limit material before the first up in the complete set of standards, metals 
in mass bad one is discovered. A critical exceeding purity and alloys made thereof, 
production operation is grinding — how forming the basis whereby new products a 
insure that no piece is abused? methods can be appraised. For example, | 
Completed aircraft rings are 100% magna- gravimetric estimation of traces 
fluxed, which spots any grinding cracks. But Chemical of bismuth in lead may take |” 


how about less damaging abuse that merely analysis by hr., and a 150-ton kettleful 


produces a superficial soft spot? Tempered colorimeter metal may be waiting 1 
spots may be shown by a short etch in 5% result. With the help of thes 
nital, followed by a dilute hydrochloric acid standards, colorimetric methods have just be 
dip to brighten the etched surface. (This acid developed in the Barber laboratory by (14 
attack is so very slight that final buffing or ENCE ZISCHKAU, whereby a more accurate dete! 
burnishing gives an acceptable surface.) mination is made in 15 min., briefly as follows 
A weighed sample is dissolved, an orga 
reagent added and diluted to standard volun 
The colorimeter contains an incandescent lan 
whose light is passed through a color filler, 
solution, and then to a selenium cell. A “bilan 
solution calibrates current from the cell, 2 
is then replaced by the “unknown solutio! 
The galvanometer reading is taken 
bismuth content read from a tabulati 
are no known interferences. Very 
much smoother than the fast co! 
methods used by steel works che! 
molybdenum and titanium; the latt 
on visual comparisons with standa 
and these are not too precise or p 
....As can be imagined, much work 
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resulted from the war's dislocations, 
ile, the subsidiary Federated Metals 
nterested in scrap reclamation, is 
.¢ quantities of wrought aluminum 
raging 0.5% magnesium, and the 
s for casting ingot containing less 

So a process was worked out for 

the magnesium. While the light 

metal (aluminum) section of the company is 
husy removing magnesium, the bearing metal 
sect (lead) is adding it to form a high- 
strength lead alloy, as follows: Bell Labora- 
tories had long since discovered the excellent 
qualities of calcium as a hardener for lead 
| cable sheath, but PHILLIPS was 
bothered by the difficulty of put- 
ting calcium into the lead and 
keeping it there. He found that 
a litthe magnesium stabilized the 
cium, and a little tin stabilized the mag- 


Brisk sales 
of a new 


lead alloy 


nesium— whereupon he discovered that he 
lad a totally new alloy. The age-hardening 
particles are probably CaMgSn complexes; the 
ew alloy is six or seven times as creep resist- 
mt as “chemical” lead, and consequently lead 
pipe and lead sheet may safely be made of one 
third the old weight, or even less. Since lead 
is just now the only common metal that is not 
sharply restricted for war production uses, it 
results that a nice business is available for 
sheathing, and for “Tubeloy” pipe for water 
services and for handling many commercial 
fluids at pressures up to 125 psi. 


T° rHeE giant research laboratory newly built 
by Bell Telephone within a spacious estate 
lop the New Jersey hills, where metallurgical 
equipment now fills a floor in one of the wings. 
Metallurgical studies in the old New York 
building during years past were concentrated 
on the properties of the conventional metals 
used in telephone equipment, and improved or 
usable substitutes therefor, and so a mass of 
information was accumulated of immediate 
saving the critical war metals. For 
‘Xample, a five-year study of solders deter- 
low limit of tin (832% alloy) that has 
ugh “mushy range” to make a wiped 

lso discovered that the bulky plumb- 

was frequently unsound in deep- 

sions where mother liquor drained 

n the solidified particles, and there- 

much tighter, better, cheaper union 


could be made if most of the solder were wiped 
away, leaving only a small fillet at the joint. 
Eart ScoumMacHer, who directs the metallur- 
gical research, told of intensive studies into the 
or should I say electronic? — prop- 
erties of several 


electrical 
metals, 
Bell Telephone 


Laboratories 


some rare and precious, 
others common but no 
deep in war work less precious, going into 
all manner of transmis- 
sion and detection devices. For the present 
any details are ultra-confidential, but as far as 
the Editor is concerned, the subject of elec- 
tronics is at all times a closed book!....In 
many instances the excellent laboratory equip- 
ment is operating as a production unit for 
items necessary to munitions but not yet com- 
mercial, such as wires that are not much bigger 
than a spider’s web, metal tape that is almost 
as thin and perfectly flat, numerous composite 
metals (overlays, inlays, and edgelays), metal- 
lic microcosms of mysterious surface contours 
and properties..... When faced with the neces- 
sity of designing a central laboratory, Bell 
Laboratories, with its usual prescience, built a 
small section of the building —a veritable 
laboratory test cell— and studied to make it 
more adaptable for ready apportionment of 
space by standardized steel partitions, and by 
this means solved the problems of ventilation, 
heating, lighting, and the ready availability in 
every 12-ft. bay of the 15 services — water, 
gases, electricity. One penalty of such leader- 
ship will be to entertain and instruct a long 
procession of those who want to build or 
enlarge their own research quarters. 


—— the following in many cities in the 
want ads: 


Wanted Immediately 
Men and Women Trainee Welders 


No Experience Necessary 


Apply U.S. Shipyards 


and opined that there may be some connec- 
tion between them and the news item from 
Portland on Jan. 16: “Liberty Tanker S.S. 
Schenectady Breaks in Two and Sinks at Dock 
After Completing Trial Run”. (Perhaps also 
to the disappearance, without trace, of the 
then largest all-welded ship, the 260-ft. ship 
Joseph Medill, on her maiden voyage across 
the Atlantic early in the winter of 1935.) =] 
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By Robert B.S lenck 


Chief Metallur, 
Buick Motor Di 
General Motors ¢ Dp. 


on 


ideas on a steel 


At that 


dimensions were availa! 


case. time 


a > 
Steel Cartridge : | 
= were mn possession ot 
nical information as | 
gical and physical requirem 
It that 
naval authorities had ve 


appeared nilitary 


: 

‘ ry 
Cases From cn oc a 
The Buick 


immediately provided funds 


tions. managen 


carrying on original work, wl 


was done on an extruding 


about one-third the size requ 
Pr 


efforts were mainly 


Kxtruded Cups 


for a 9-in. naval case 
inary 
cerned with meeting dimens 
specifications rather than 
ical properties. 

The 


worked satisfactorily, so e 


first extruding 


mental redraw and heading dies were mad 
The Buick 
ment was favorably impressed with the s 
it to 
development 


A PAPER on steel cartridges was prepared by 


the present writer for the January 1943 meeting manas 


the first case was produced. 
of the Society of Automotive Engineers, but was 
At that meeting Lt. 


Col. Harold R. Turner, chairman of the Cartridge 


and submitted naval authorities 
that Work 
started on tools to carry a 3-in. steel ca 
Phis 
was adopted because experimental work \ 
this piece 


suppressed by the Censor. case 


asked continue. 
Case Industry Committee, discussed the general 
situation. as noted briefly in Metal Progress in case through the redraw operations, 
March, and elaborated considerably on his earlier 
talk before the Chicago Chapter @. In the Chicago 
address (see Metal Progress, page 91, 


1943) Lt. Col. that 
steel were being converted into a shallow cup by 


carried on faster with smaller 


January with the 5-in. size.) 


Turner mentioned slugs of While this work was in progress othe! 


ings were arranged with both Navy and 


hot forging methods, but that this operation was Ordnance personnel. In November 1%! 


Army requested Buick to develop the 


case while the Navy decided to be guided 


confined to two organizations where ample equip- 


ment and experience had been accumulated as a 


result of specialized peacetime operations. One Army's findings. This was the beginning 


of Motor ot 


Motors Corp. The process, which will be described 


these is Buick Division General program on the 75-mm. steel cartridge cas 


Mechanical Requirements - The p'! 
to 
explosive charge, to prevent the escap 


in this article, and which has been made available cartridge case is act as a contain 


to the U.S. Government for use by other manu- 


facturers without license, differs from other resulling from the explosion, and to p 


processes principally in its early stages, for car- 
tridge cases, either of steel or brass, ordinarily 
start as a round disk, and are formed by a series 
of cold cupping operations, 

Before entering into a discussion of the met- 
allurgical and production aspects of the Buick 
process, a brief outline of its history may be of 
interest. letter 
from the Navy Department in July 1941 asking 


The project originated with a 


rapid firing than would be possible wi 
ammunition. The wall of the case m 
tic enough to expand under the explos! 
the 


gun, particularly at the mouth of th 


and make a tight seal against 
Unless it is properly supported by 
wall, the pressure developed is suffi 
the wall of any case, firing pressur 


psi. being built up in 0.002 sec. A ce! 
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ce is necessary between the 
ase and the breech wall to 
se of loading and ejection 
d conditions. The cartridge 
expand, first to take up this 
and then continue to expand 
un’s diameter itself increases 
explosion pressure. The case 
ve enough elastic recovery to be 
ected after firing. In contrast 
high physical properties required 
body wall and base of the car- 
ise, the mouth must be annealed 
nsure complete obturation (seal 
\inst back fire of propellant). 
It is necessary to have a higher yield 
ngth on a steel cartridge case than 
n brass because of the higher modulus 
{ elasticity of steel. The modulus of 
brass is 14,000,000 against 30,000,000 psi. 
steel. The stress within the elastic 
to produce a given amount of 
approxi- 
Other 


considerations are corrosion of steel and 


strain in brass is. therefore 


ately one-half that of steel. 


sparking on impact, both of which must 
be overcome by a suitable protective 
ating. The steel cases must also be 
iterchangeable with the brass. 

Metallurgical Requirements — The required 
physical properties of a steel case can be obtained 
either by cold working alone, or by quenching 
nd tempering before or after cold working. 
id working alone involves the least number of 
operations, fewer shop problems, less equipment, 
nd has been found adequate by some 50 manu- 
heating and 


other hand, 


quenching after cold working distorts the case; 


facturers. On _ the 


this must be controlled by intricate quenching 

« by additional sizing operations. Quench- 
i¢ followed by cold working eliminates the 
stortion problem and has been employed suc- 
Where cold work- 


or quenching before cold working is 


esstully on experimental lots. 
ft T 
ved, a final stress relieving treatment should 

d to further improve the physical properties. 

the selection of a material, a low carbon 

s chosen which could be cold worked and 

ieved to the required physical properties 
resorting to a spheroidizing treatment 

cold forming. Among the compositions 

ing the development were S.A.E. 1015, 
| 1020, A.LS.1. C-1019, and a_ higher 
type containing 0.20% carbon and 
nganese. Experimental lots of C-1019 
arse grained, fine grained, aluminum 


silicon killed steels. 


Fig. 1 
In. Dia. by 1°4-In. Slugs. 
vents oxidation of the previously ground surface 


Tocco Induction Heater for Heating 3'<¢ 
Yellow gas flame pre- 


The steel finally adopted, and now in produc- 
tion, is an openhearth, high manganese, aluminum 
killed, fine grained carbon steel in round bar 


form. Of utmost importance is_ the physical 


quality of the raw material. Best mill practice 
with regard to discard, surface conditioning and 
macrostructure is essential in producing suitable 
steel for cartridge cases. 

As in all structural applications where stress 
is involved, the material in a cartridge case must 
possess a certain combination of strength and 
ductility for successful performance. In the side 
wall of the 75-mm. case, except at the mouth, the 
vield strength must be upwards of 100,000 psi., 
high enough to prevent a degree of permanent set 
Also, the 
ductility must be adequate in all sections to pre- 
Little 


tolerance is permissible. If the case is too hard 


sufficient to cause difficult ejection, 
vent rupturing from the explosive pressure 


or brittle. it will erack when fired: if too soft the 


explosion pressure will cause it to stick in the 


breech chamber. 

Manufacturing Operations were devised to use 
machines and equipment on hand at the Buick 
plant. A list of the major operations is Liven on 
the next page. 

We started with a 3-in. blank to form the 
75-mm. case, but experiments indicated that by 
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Fig. 2—Extruding the Hot Slug Into a Cup Is 
Done in a Standard Forging Press (Crank Type) 
With Punch in Upper Head and Pot Die in Lower 


starting with a somewhat larger blank, it was 
possible to fill the dies better in the hot opera- 
tions. Hence, the blank was increased to 3% in. 
diameter by 1% in. thick, although this meant 
no essential change in the method. Centerless 
grinding (operation No. 2) provides a more per- 
fect surface, eliminating defects which would 
tend to carry through the subsequent operations. 

Heating for the hot cupping operation is 
done in a specially built induction heater shown 
in Fig. 1, page 913, the piece being brought to 
temperature in 1.5 min. The machine has two 
fixtures which may be operated simultaneously, 
permitting a production rate of 8&0 pieces per hr. 
During the brief period of heating, a yellow gas 
flame is directed onto the steel, enveloping it 


Schedule of Principal Operations 
1. Cut off 14. 2nd cold 24. Machine 
2. Grind O.D. redraw base 
3. Heat o. 3rd cold 25. Face to 
4. Extrude redraw length 
5. Redraw hot . Trim end 26. Finish ream 
Size cold . 4th cold & counter- 
Anneal redraw bore 
8. Pickle and . Bonderize 27. Inspect and 
rinse . Cold head repair 
Coin head 20. Flame 28. Stress 
Bonderize anneal relieve 
Draw 21. Ist taper 29. Phosphoric 
Trim end 22. 2nd taper acid pickle 
Ist cold 23. Flame . Paint 
redraw anneal 31. Bake 


) 
d 


and preventing scaling. ‘The current kicks 
when the piece has been brought to temperaty, 
and it is then transferred to a gas fired my, 
furnace where it is held for 7 min. to 
even temperature throughout. 

Extrusion is done in a standard for; 
of the crank type common to many a 
shops, shown in Fig. 2. On this press 
die member is a punch made of hot die 
nitrided for improved wearing qualities 
rounded at the end to form a smooth radiys 


Fig. 3 — Four Successive Drawing Dies in One 
Large Press; the Force Required to Extend the 
Case 9 In. Is Divided Into Four Equal_ Parts 


the base of the cup. The lower die Is a cavity 
having the size and shape of the formed cup, ane 
virtually the same diameter as the heated blank 
The punch extrudes metal up between punch ané 
die wall, forming a cup about 4 in. high. 4 
standard forging grease or graphite paste ts used 
to lubricate the dies and there is no trouble with 
sticking, because a stripper on the punch removes 
the part on the upstroke. 


. } 
In the early stages of the work onl, one 


cupping operation was used, but it was /2 
determined that better results could be ob! 
if a second hot operation is carried 
the piece had cooled somewhat. The s 
press is the same as the first, except ! 
altered tooling which extends the di 
further, making the cup about 6 in, his 
After the original set-up was work 
extra operation was added to contro! 
thickness. In this the cup is cold sized 
drawing it out only slightly. This is 
the hot, redrawn cup has cooled in ait 
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venth operation in the schedule is 
bring the partly drawn case back 
Note that this is the 
manufacture, 





ft condition. 
| in the entire 
case is much more direct 


and so 
hy s of a steel 
t] aking of a brass case which requires 
ermediate anneals interspersed among 
A considerable economy 

Annealing is 
with two-zone 


the { ig operations. 
d expense is so effected. 
short gas-fired furnace, 
uses are set on end in rectan; 
are pushed through the furnace at 


gular trays, 
rrect speed. 

\fter annealing, followed by acid pickling 
scale, the head of the 
This operation 


ind washing to remove 


cup is coined in a crank press. 
sizes accurately and gives this portion of the 
ease some extra cold work, because in the sub- 


sequent cold drawing operations the head does 





'—~ Cold Heading (Principally Upsetting Rim for 
ractor) 1s Done in Two Strokes of Press. the Lower Die 


, is ’ . . 
£ Moved to Second Station Between Impressions 


ve as much work as the walls. Bonderize 

ts serve both to clean the surface thor- 

ig] nd to etch it slightly so that minute 

ill retain drawing compound. Further, 

‘yer of zinc phosphate deposited in this 
reatment acts itself as a lubricant. 

gen embrittlement resulting from acid 

id bonderizing tends to cause breakage 

d drawing. This trouble is eliminated 

Which drives off absorbed hydrogen. 
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Perhaps the most interesting step in the 
entire operation is the series of four cold drawing 
all carried out on a single 750-ton 
Clearing double acting See Fig. 3. The 
four punch and die stations are at the corners of 
a rectangle well within the normal platen area, 
and are so arranged as to carry approximately 
an equal load, of 150 tons per 
The depth of draw to length 
the operation) varies slightly over 
length of 


operations, 


press. 


somewhere near 
station. (addition 
of cup during 
the four 
the punch. The cartridge case progresses from 
the left hand die to the right hand 
side of the press and is then handed through the 
directly 


dies, being controlled by the 


die on one 


press opening and placed on the die 


across from the second station, finally moving to 
the right hand die on that side. 


handle the cases, one at each die. 


Four operators 
Each punch 
has an integral mechanical stripper which 
removes the part after drawing. 

On this press, the 6-in. cup is drawn to a 
length of 15 in. and to the approximate internal 
of the 


with no intermediate 


form and external diameter finished case, 


a total draw of 9 in. anneal. 


This is a real test the drawing qualities of the 


steel, and it is noteworthy that few pieces are 


torn or split. A special drawing compound was 


developed, whose base material is machine oil. 


Punches used on all the cold drawing and 
tapering operations are made of hardened high 


speed steel, chromium plated. Plating improves 
wear and provides better anti-frictional proper- 
lies. Drawing dies in the cold operations are 
generally steel rings with tungsten carbide inserts 
on the working surfaces. 

After the 


bonderized a 


trimmed the case 1s 


cold 


open end is 


second time and then headed 


Fig. 5 Row of Radiant Gas Burners Soften 
the Mouths of Cases as They Pass 
Slowly Rotating to Spread Heat Uniformly 


flong, 





2 


va 


wil oe 
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in a press equipped with a two-stage indexing 
die (Fig. 4), the lower die being built so that 
after the first stroke it can be moved across the 
press, bringing the second die impression under 
the punch carrying the case. In these operations 
the base is flared out so that the flange can be 
machined, the steel to fill this expanded rim 
being furnished by the extra thickness formed 
around the outer edge in the original hot cup. 

The next operation No. 20, flame anneal- 
ing the mouth before tapering is quite critical. 
See Fig. 5. Heat is limited at the mouth end to 
a depth of about 2 in. to prevent splits during 
tapering. Temperature is closely controlled. In 
this operation, cases are mounted on a conveyor 
and moved between two rows of 2'-in. radiant 
gas burners, mounted in a furnace horizontally 
at the proper height to concentrate the heat on 
the mouths of the cases as they travel through 
the furnace. The cases are rotated slowly as they 
move past the burners. 

Tapering operations are perhaps the most 
critical of all steps sinee, in these two press 
operations, the cold steel must be made to flow 
into the desired taper without wrinkling or dis- 
tortion and without the support of a punch on 
the inside. The case is simply forced up into a 
tapered die cavity in two stages, both mounted 
on the same press. The second stage does have a 
punch which extends about 34 in. into the case; 
this is required not for the overall taper but to 
support the metal in forming the reduced section 
at the mouth. 
cartridges is not nearly so pronounced as that on 
0.30-caliber rifle ammunition. In fact tt looks 
a problem as it 


Taper on the neck of these 75-mm, 


too slight to be as much olf 
actually turned out to be. 

During the tapering operations the mouth 
end becomes appreciably harder because of the 
cold working, so it is annealed once more, this 
time to a length of about 3% in. from the open 
end. This softens up the mouth and assures 
complete obturation in firing, that is, a tight seal 
for a short distance in the gun barrel to prevent 
the explosion from blowing back into the breech. 

Cases are then inspected and transferred to 
5-station automatic lathes which face the head, 
rough-form the flange, finish-form the flange, and 
drill the primer hole. Great care must be exer- 
cised in reaming and counterboring the primer 
hole since tolerances are unusually close. 

Final stress relieving (operation No. 28) is 
performed at low temperature in a batch type 
electric furnace accommodating 316 cases. This 
heat treatment adds roughly 10,000 psi. to the 
vield and ultimate strength of the cold drawn 


walls of the cartridge case. 


The coating specified to protect a 
rosion and sparking is an unpigmen 
phenolic varnish. Before painting, the 
given a phosphoric acid pickle which | 
bond and also some additional protecti 

Painting and baking operations 
automatic, the cases being mounted ve 
a conveyor with the open end up. The 
fixtures and as they pass the spray 
they can be spun by a motor-driven rul 
One spray nozzle is mounted on a trav 
which descends into the case and lifts 
uniform speed while the nozzle directs a 
varnish over the rotating surface. At 
time, outside nozzles are positioned | 
base and wall thoroughly and uniformly 

Once coated, the cases are carried s! 


between two banks of infra-red lamps, 64 


each side. The conveyor loops twice at the 

of the lamp bank so that the cases travel t/ 
times through the baking zone, requiring 48 | 
in a temperature approximating 360° | WI! 
they emerge at the opposite end from the paint 
station they pass through an exhaust co 

hood and out to an unloading station where ti 
are thoroughly dry and cool enough to hand 

Inspection of the 75-mm. stee! cartridg: 
starts with receipt of the raw material and e 
with the final acceptance tests required by 
Ordnance Dept., U. S. Army. This inspect 
can be divided into three classifications, (a) ' 
material, (b) process, and (c) final inspection ! 
acceptance. 

Raw material inspection includes detern 
tion of chemical composition, grain size, inclus 
rating, macrostructure and physical conditior 
the bar stock with respect to mechanical cele 

Process inspection includes numerous du 
sional checks, hardness tests and visual exam 
tion for defects arising in manufacture 

final 
hardness, 


Inspection for acceptance by 


Ordnance covers micro and 
examination, ductility, corrosion and 
resistance, and ballistic properties. 

One unusual type of inspection tool Las 
developed for close observation of th 
wall. A cone-shaped piece of steel slightly 
in diameter than the case is chromiun 
a mirror finish. A wire is attached to 
of the cone and a small light arranged | 
nate the interior of the case and tl 
surface of the cone. The unit is lower 
base of a case and drawn slowly upw 
the inspector watches the mirror sur! 
inner surface of the case is reflected in 
form so that any surface defects 4 


observed. 
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Selection of 


Toolsteel by 


Its Hardenability 


I, rHE PAST toolsteel of the water hardening 
riety has been specified and selected for its 
ticular job by the Shepherd fracture test.* 

this method is not useful for deep hardening 
ls of the oil hardening grade. It occurred to 
writer that the Jominy end-quench harden- 
ity test could be adapted to all water and oil 

irdening steels that require a cooling rate of 

This latter test 


vy be applied not only to a quality specification, 


F. per sec. or more to harden. 


layout of general curves of these materials 
be used by the designer or toolmaker for 
ecting the type of material required for a par- 
ular tool or tool part. 
in order to arrive at these curves many sam- 
of various heats were tested and recorded. 
were taken from various size bars, rang- 
m 1'.-in. round to 3%e-in. round, which 
This 


band curve within which will fall all the 


ven rolled from the various heats. 


he particular specification if it is of satis- 
quality. 

us investigate the possibilities of these 
First, it is apparent that they may be 
specify quality when purchasing tool- 
ihey may be used as an inspection stand- 
Second, they may be 
he tool designer to select the type of 


eived materials. 
e wants for his particular design. 
there are other properties of the tool- 
hown readily on these curves that the 
r must know about, such as cracking 
ichinability, tendency toward warpage. 


lendum on page 918. 


By Stewart M. DePoy 


Vetallurgist, Delco Products Division 
General Motors Corp. 


Nevertheless, the “hardenability 
characteristic” curve may be very 
useful to him. 

For specification purposes, one 
may make up his own curves by 
simply making multiple tests on 
different sizes and heats of the par- 
ticular The 
heats, of course, must already be 


variety of toolsteel. 
of proven high quality. Use the 
standard Jominy end-quench hard- 
enability test, except that the nor 
malizing of the test bar is omitted. 
It is also possible to set up a theo- 
retical band or curve by simply 
plotting the points on the desired 

curve representing the relationship 

between cooling rate for a given sec- 

tion and resulting hardness. These points are 
calculated with the aid of the cooling rate curves 
for bars shown on page 918 and adapted from 
page 321 of the S.A.E. Handbook, 1942 Edition. 
These curves will give the cooling rate expected 
at any distance from the outside for any round 
section up to 4 in. The hardness required for 
that cooling rate may then be plotted on the 
hardenability sheet. Three to four points are 
generally sufficient for a characteristic curve to 
specify a toolsteel, and it may be presented to the 
supplier for metal to meet the requirements. 
When these curves are used by the designer 

he must first calculate the section required on the 
tool. He should know at what depth he requires 
high hardness and what hardness he would like 
at the core. By reference to the cooling rate 
curves (page 918) he may find the expected cool- 
ing rate at these critical points in the section. 
Then the characteristic hardenability curves will 
give him the choice of properties that he requires, 
Let us examine the hardenability of some 
commercial toolsteels. In Fig. 1 of the Data Sheet, 
page 918-A, we see the curve for water hardening 
toolsteel of the deep hardening grade. The curve 
at the lower edge of the band reveals that the 
steel must harden to Rockwell C-60 at a cooling 
rate of 250° F. 


the cooling rate curves readily gives the depth of 


per sec. or more. Examination of 
high hardness to expect on any size piece of this 
variety of toolsteel up to 4 in. in diameter. A 
material of this variety will not harden in oi] to 
(-60 if it is over ‘e-in. diameter and even then it 
(Note that 


will harden less than ,', in. deep. 
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point A on cooling rate curve for oil quenching a 
¥4-in. round, representing cooling rate of 250° F. 
per sec.—-the minimum for Rockwell C-60 on 
this steel is reached at a point less than % 
the distance from surface to center.) 

Figure 2 is a shallow water hardening tool- 
steel. Its properties are almost like the material 
shown in Fig. 1 except that it will harden shal- 
lower in sections up to 4 in. Core hardnesses on 
large sizes will remain about the same for both 
materials. This steel obviously should be used 
where very light sections are required. 

Figure 3 is for a material that can be 
quenched either in oil or water. It will harden 
to a minimum of Rockwell C-60 at a cooling rate 
of 100° F. per sec. or more. For this material it 
is necessary to quench in" water on bars 2 in. or 
more in diameter if high surface hardness is 
required, since only a thin skin at the surface 
of a l-in. round cools at the required rate when 
oil quenched (point B, on the cooling rate curve). 

Figure 4 is for a material that is definitely 
in the oil hardening series. Water quenching 
on this material is hazardous unless the section 
is very large. Figure 5 is manganese oil harden- 
ing toolsteel. Its hardenability is the highest 
(Steels that harden to Rockwell C-60 at a 


cooling rate slower than 18 to 20° F. per sec. are 


shown. 


in the air hardening class.) A 2-in. diameter bar 
of this material of average analysis will harden 
to Rockwell C-60 at a depth of about °%% in., and 
Rockwell C-56. The 


derivation of these facts should be obvious. Cool- 


the core will be at least 


ing rate to harden to C-60 is 24° F. per sec., from 
the upper band of the Jominy hardenability 
curve. This rate (plotted on the curve for oil 
cooling in 2-in. round, at point C) is exceeded 
by all metal from the surface down one-half the 
way to the center. The cooling rate in oil at the 
center of a 2-in. round (point D) is 18° F. per sec., 
and reference to the Jominy curve for the steel 
under discussion (Diagram 5 in the Data Sheet) 
shows this rate to give, on average analysis, a 


hardness of C-56 or 57. 
Figure 6 is the curve for silico-manganese 


The wide ra 
at the slower cooling rates is due | 
Som: 
do not use molybdenum in this grad 


shock resisting toolsteel. 
spread in molybdenum content. 


place use more chromium and vanadi 
dium, of course, will lower hardenabi! 
ent in quantities of 0.05% or mor 
material is to be used for a specific jol 
missible range of chemistry should by 
to suit the job requirements. 

The examples shown are only a few ot 
more generally used toolsteels. However. thy 
method may be applied to any toolsteel requi) 
a water or oil quench. This method of tes: 
should be excellent for the producer 
this test he should be able to sort his 
quickly and easily, and apply them to cons 
orders, no matter what method the consy 
used for specification. 

The method is readily cross-referenced wit! 
the Shepherd test by using the cooling rate cur 
on this page. In general, the Jominy test can 
completed in 4 hr. from receipt of the 1 
sample, while Shepherd tests take 8 hr. or m 

Equipment necessary for the Jominy tes! 
simple and inexpensive. The test itse 
described in Metal Progress for December: 
page 911, and on page 317 of the 1942 S 
Handbook. It will be noted that the end-qu 
diagrams in this article are plotted on the S.A 
standard sheet which plots distances logar 
mically and thus opens up the scale in a use! 
manner near the quenched end. 


Addendum on Shepherd P-F Test 


B. F. SHEPHERD, past president @, ear! 
the so-called “body” of carbon toolsteels, a: 
a Penetration-Fracture Test to charact 
esoteric quality. As described in @ Trans 
1934, page 979, it requires four pieces 
3 in. long and ™% in. diameter. All pie 
quenched after 40 min. at 1600° F. Sa 
then heated individually (heating rat 
trolled and uniform) to 1450, 1500, 1550 
respectively, remaining 30 min. at heat be! 
ing in a vertical cage flushed with 10% br 
at 70° F. Hardened samples are notched 
and broken with a hammer. 0 





| |Oil Quench | 


+ 


| Yo-In. Row na 


smoothed to “0” abrasive, etched 
50-50 HCl in water at 180° F., a 
penetration measured to nearest 
fracture grain size on the rough 
compared with standards (photog! 











' 


oscopically in Metal Progress Da 
August 1942). The “P-F Charac! 
the steel under test then const 
numbers the first four the pe 

hardness in the respective samples 
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an inch, the second four the f 
size of the samples quenched fr 
to highest heats. 


Vetal Progress: Page 918 














— 


sands locate tests on numerous satisfac- 
olsteels, in a variety of sizes all within 

| analytical tolerances, made by 

J v's end-quench method as recommended 
by ‘Steel Standardization Group (see Metal 
Py ss, December 1941, page 911) except 
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ardenability of Common Toolsteels 


Jominy End-Quench Tests by Stewart M. DePoy 


that the bars and test pieces were not normal- 
ized before testing. Plotting is done on the 
S.A.E. standard sheet, which plots distances 
logarithmically from the water-cooled end, 
thus opening up the scale usefully for the 
shallow hardening steels. 
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NICKEL AIDS THE MARINE INDUSTRY 


to KEEP EM SAILING { 


“Uncle Needs His Ships.” That sign ina 
shipyard, a thousand miles from the sea, 
typifies the fighting spirit of America’s 
ship builders. These men will turn out 
new tonnage faster than Axis bombs 
and torpedoes can sink it. 

In peacetime, their engineering- 
thinking created efficient power plants 
that pushed ships of commerce through 
the seven seas. They designed propel- 
ling machinery—turbines, valves, pumps 
and gears—to move the ship and intri- 
cate instruments to guide and guard it 
on its important mission. 

From turbine rotors to propeller 
shafts, from reduction gears to con 
denser tubes, those engineers relied 


upon ferrous and non-ferrous alloys 
strengthened and toughened by addi- 
tions of Nickel. They used the proper- 
ties of Nickel to fight corrosion and 
fatigue. 

During wartime, when uninterrupted 
operation of America’s bridge of ships 
means so much, the continued and 
widespread use of Nickel is convincing 
evidence of its many advantages. Now 
that sea-going metals must 
withstand repeated de- 
mands for stepped-up per- 
formance, a little Nickel ’ ioe 
goes a long way to insure WAR 
utmost dependability. STAMPS 


POPYICTORY | 
YW BUY 


Marine engineers and 


designers have long known and! 

and fitters...as well as repair cr 

bases ‘round the globe. 

that, properly used, a little ! 

a long way to “keep ’em sailing 
For years the techn 

International Nickel hav: 

leged to cooperate with t 

build and operate ships 

Counsel, and printed d 

selection, fabrication 

ment of Nickel alloyed 

available upon request 


* Nickel ' 


Send for lists of available publications. Address your inquiries to Technical Library Service 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York, "" 
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Ship Plate, Cracked 


Weldings, and 


Internal Stresses 


J N MARCH 23 the Special Committee of the 
U.S. Senate Investigating the National Defense 
Program (known popularly as the Truman 
Committee) heard testimony indicating that 
a few plates produced at the Irvin Works of 
Carnegie-IIlinois Steel Corp. had been deliv- 
ered to governmental agencies with incorrect 
certificates as to chemical composition and 
At about the same time 
some information became generally current 
that a 3-months old tanker, the S.S. Schenec- 
had broken two on Jan. 16 when 
docked at Portland, Ore. Many newspaper 
writers immediately assumed that the two 


physical properties. 


lady, in 


events were cause and effect. 

Since the details have not yet appeared 
in the public prints, either because of official 
or voluntary censorship, it is timely to assemble 
some documents, official and engineering, con- 
cerning various phases of this distressing and 
complicated situation, even though the discus- 
n of a serious accident, a sub-standard 

i lapse in stress-relieving technique, 
Yet such infor- 
necessary so that similar circum- 
vy be avoided elsewhere. (Metallurgy, 
of fact, is somewhat like surgery 
were always just right, there 
» need for this knowledge.) 


lends to magnify its incidence. 


mation 


» INCeS | 


PVervt . 


would } 


ia 
a 


June, 1943; 


However, the reader is 
urged keep the 


perspective; to bear in mind 


to correct 
that over a period of months 
some 36,000 tons of steel plate 
from one converted strip mill 
were suspect, yet the Ameri- 
can steel industry is shipping 
more plate than that every 
day, all of it acceptable to 
the purchasers; also to remem- 
ber that the S.S. Schenectady 
is one merchant ship out of 
746 of the Victory Fleet deliv- 
ered prior to the turn of the 
vear, and of the 1450 more to 
be launched during 1943. In 
studying the few failures, 
don’t overlook the many suc- 
cesses. 
after the 
above the Steel 
Industry Advisory Committee 
of the War Production Board held well- 
attended meeting in which the following paper 
was presented. It will be recalled that the 
Irvin Works is a continuous sheet-strip mill, 
converted to the manufacture of plate. It gets 
slabs from other plants where openhearth 
furnaces and blooming mills are located. The 
published testimony seems to infer that the 
trouble complained of by the Truman Com- 
mittee arose with “orphan” slabs (for instance, 
a slab that might carelessly have been marked 
on the 
Regula- 


Two weeks 


disclosures, 


a 


26670 when there was no such heat 
books, the most likely being 26870). 

tions were that such slabs or plate therefrom 
should be withheld from shipment until check 
analysis could be made; in haste this rule was 
sometimes violated. There is no suggestion 


that off-analysis heats were rolled into plate. 


Steel Plate for Shipbuilding 


By R. E. Zimmerman 
Vice-President, U. S. Steel Corp. 


HE SITUATION arising from recent investiga- 
tions, hearings, and consequent publicity 
regarding the use of steel in welded ships calls 
for a further pertinent discussion at this time. 
Insofar as we know, the effective prosecution of 
the war continues to demand, as heretofore, the 
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production of a maximum amount of steel for 
many purposes, which in turn requires the 
undiminished efforts of every member of the 
industry. Cooperation and collaboration on the 
part of users of steel are equally important fac- 
tors in arriving at the best end results. 
Unfortunately we are passing through a 
period in which the serious cracking of a certain 
welded ship, or ships, has inspired a vast amount 
of uninformed comment, and attempts have been 
made to throw suspicion from one underlying 
There have been evidences of 


cause to another. 
runaway judgment, elaboration of false premises, 
and a spreading of apprehension through wide 


, 


circles that “defective” and “substandard” steel 
has jeopardized the integrity of numerous welded 
ships. Attempts have been made to lay primary 
responsibility for the failure of a tanker upon 
steel which was alleged to be approximately 5% 
below specified tensile strength. Without weigh- 
ing the evidence or appraising the facts, spokes- 
men have declared openly that lives have been 
endangered and the war effort impaired by the 
furnishing of steel which was totally unsuited to 
the purpose of shipbuilding. 

This is a regrettable situation, not only 
because improper deductions are being drawn 
from erroneous or partial statements, thus divert- 
ing attention from the significant factors involved, 
but also because of the tendency it brings to sub- 
ordinate reason and judgment to protection 
against inquisition. 

Among the notions which are now abroad 
we refer, first of all, to the one which charges 
steel with the responsibility for the failure of the 
tanker S.S. Schenectady on January 16, 1943. 
According to specifications, the minimum tensile 
strength of the plates in this ship should have 
been 58,000 psi. The particular sheer strake plate 
in which the crack started, furnished from the 
Homestead Works of the U. S. Steel Corp., was 
tested shortly after the casualty by an outside 
investigator, Prof. S. H. Graf of Oregon State 
College, who reported values averaging 55,350 psi. 
at a temperature of 60° F. and 58,600 psi. at 20° 
F., the atmospheric temperature prevailing at the 
time of the failure. Additional samples from the 
same plate, subsequently obtained and tested at 
room temperature in the laboratories of Carnegie- 
Illinois as well as by an independent commercial 
laboratory, gave the following results: 

Homestead Laboratory (standard 8-in. 
specimen): 59,140 psi. 

Pittsburgh Testing Laboratory (standard 8-in. 

specimen): 59,570 psi. 
Still another specimen tested in New York under 
the auspices of the American Bureau of Shipping 
showed a tensile strength of 56,880 psi. 


These data, which are not in ful! igreemer 
indicate at least that the unit tensile strengy, 
the steel in question was not more than 4; 
below the specified minimum, if (only for pur 
poses of argument) we accept the lower figyy, 
reported by Professor Graf. Now it is hard 
necessary to point out that naval architects , 
not design ships with a margin of safety wh 
would be seriously impaired by any such depa 
ture from specified strength.! 
strength-members in a vessel the calculated m 
mum stresses are related to the specified mi 


For the import 


mum tensile strength of the steel in the rati 
approximately 3:1 to 4:1. In the case of the §5 
Schenectady, for example, this means that jf ¢ 
steel were actually 2650 psi. below the specifi 
tions, such defection would have subtract 
approximately 1/15 of the extra allowanc 
safety. Surely some factors other than the 
under discussion must be held responsib\ 
the sudden failure of the tanker, or similar | 
ures elsewhere. Moreover, with respect t 
practical bearing of those irregularities in th 
testing of plates at Irvin Works, recently 
closed and condemned, we assert that unet! 
as the practice might have been, the safety 
ships and the lives of men have not been jeo; 
dized by the inclusion of a small proportio: 
product which fell below the specified ten: 
strength by approximately 3000 psi., that 
between 5 and 6%. Such a charge cann 
justified on engineering analysis, metallurg 
knowledge, or experience in shipbuilding 


Necessity for Tolerances 


In the specification of steel for ships 
parties at interest recognize the value of 
of designated figures, based upon tests, by w! 
to classify the material produced for us 
acceptable or otherwise. Some persons © 
construe the results of tensile tests, for exam) 


Epiror’s FOOTNOTES: 

1Minutes of this meeting indicate that Ado 
E. L. Cochrane of the U. S. Navy said that in dr 
up its specifications, the Navy must .ollow 
measure of conservatism and yet not be overco! 
tive. Naval architects do not attempt to desiga' 
exact stress, but by means of an elaborate ser 
calculations attempt to compare the design 0! 
viously successful ship with the design at hane 
steel company should attempt to interpret sp“ 
tions or read into them a particular problem, A 
Cochrane said, but he pointed out that 
perfectly willing to discuss specificat! 
with any representative from the indust' 
H. L. Vickery of the Maritime Commiss 
that, as far as the tensile strength w 
the material would have been accep! 
Irvin Works, had the deviation been r¢ 


Metal Progress; Page 920 





reemen 
ength o 
an 4s 
for f 


r figure: 


s hardh 
itects 4 
‘Vy Whiet 
h depar 
nportar 
ed may 
ed min 
rath 

‘the Ss 


at if the 
specifica. 


tracte 


ance iv 
the on 
sible for 


ilar fa 


t to th 


s Int 
tly d 
ineth 
afety 


| Jeopar 


rion 
| tens 
that 


nnol we 


llurgi 


u 
~* 


‘ih 
ule 








as precis values representing the properties of 
every part of a prescribed lot of steel, to be 
applied rigidly and not subject to interpretation 
or modification. We do not in any way belittle 
the value of tests or the maintenance of stand- 
ards, but wish to point out that 100% precision 
and 100% reproducibility are rarely attainable 
in the testing of steel, and that there is room for 
the exercise of reason and judgment. One of the 
Services, recognizing the principle, approves the 
acceptance of material averaging within the spec- 
ification, even though single samples may show 
results 5% below the lower limit. It is unlikely 
that if this departure were considered critical the 
material falling on the low side would be accepted. 
As indicative of an official attitude, we quote the 
following from a letter of instructions issued 
early in 1942: 

“It must be recognized, not only by Inspec- 
tors but by the building yards to whom copies of this 
letter are being furnished, that under present circum- 
stances early completion of serviceable ships is of 
greater national importance than the high measure 
of perfection required for full durability in peace 
time As regards the number of physical test speci- 
mens and the number of chemical analyses that are 
made for all grades of plates procured under the 
subject specifications, the Bureau authorizes the 
Inspectors to reduce or waive such tests when, in 
their opinion, delivery can be expedited and the 
serviceability of the ships for the present emergency 
will not be adversely affected....The Bureau is very 
earnest in its desire to facilitate the manufacture of 
steel, but desires also to guard the necessary quality 
of ships upon which some naval action or service 
nay depend.” 

The precision of tensile testing is affected by 
such factors as the inherent accuracy of the test- 
ing machine itself, by the speed of testing or rate 
of application of the load, and by the degree of 
perfection in eliminating minute notches in the 
edges of specimens prepared for test. Duplicate 
and quadruplicate samples are used to guard 
against some of these influences which may affect 
the results by thousands of pounds. Then there 
is always the question as to how much material 
is accurately represented by the samples chosen. 
\n immense amount of work has been done to 
rationalize this feature, yet provision is made, in 
many cases, for retesting so that satisfactory steel 
may not be arbitrarily rejected. Applying the 
most rigid interpretation, one may say that the 
results of a tensile test, within the limitations of 
“accuracy of the test itself, measure the properties 
®f only the material in the specimen tested. This 


» an extreme view, but throws some light upon 
the probl m 


Complete uniformity in steel is highly desir- 


al ae 8h ae : 
able, yet there are factors which operate toward 


f non-uniformity, despite the most 


a degre 


meticulous efforts in the making, rolling, and heat 
treatment of steel. Thus arises the need for a 
practicable range in the specification of proper- 
ties. Segregation of the non-metallic elements in 
large ingots, such as are used in the production 
of plates, is not entirely avoidable, and conse- 
quent differences in chemical composition lead to 
the development of differences in tensile proper- 
ties. The rate of cooling of all parts of a plate 
after rolling is not entirely uniform, and this too 
is a well known factor in affecting strength and 
ductility. Often-times the metallurgist and the 
inspector ask themselves: “How much of this 
material logically should be rejected because of 
a test on a necessarily small sample?” 

You in turn may now ask the question: 
“Why not travel away from the lower side of the 
specified range and produce material in the upper 
reaches, safe from falling below the minimum?” 
The answer is that the allowances of the range 
are already used, and that material at or slightly 
beyond the upper limit may be more undesirable 
than that which falls below the lower line. 

In this matter of making steel best suited 
for the construction of ships by welding there is a 
conflict of principles. The designer or naval 
architect wishes high strength, which means high 
alloying elements, and the metallurgist along with 
the welding engineer desires good weldability 
attended by minimum alteration of physical 
properties, which means low alloying elements. 
Undoubtedly there must be some give-and-take 
in this proposition to arrive at the best com- 
promise. Let us not be so sure that the presently 
specified physical properties are the one best com- 
promise, especially in view of the accelerated 
pace at which welded ships are being constructed, 
with the employment of many welders and tech- 
nicians whose experience is necessarily scant and 
limited. Considering the margin allowed in ship 
design between calculated stresses and the tensile 
strength of steel specified, it is more than prob- 
able that dependability in the welded structure 
would be enhanced, rather than impaired, by the 
use of steel of somewhat lower tensile strength. 
This is particularly pertinent to cases in which 
anything but the very finest welding technique 
and procedure is used, and there certainly is 
room to raise the question. In this connection 
we repeat the earlier remark, that the safety of 
ships and the lives of men have not been jeop- 
ardized by the inclusion of a small proportion of 
steel plates which fell below the specified tensile 
strength by approximately 3000 psi. With weld- 
ing conditions as they are, there are those who 
might logically favor the use of plates of lower 
tensile strength. 
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The conflict of principles, to which reference 
was made in the preceding paragraph, is involved 
again in the matter of the thickness of plates. 
For example, to set up the specified strength in 
a relatively thick plate requires more alloying 
element, such as carbon, than in a thin one. Yet 
in welding a thick plate there is a relatively 
drastic subsequent cooling effect, due to the mass 
of surrounding metal, and a consequent greater 
hardening effect. In other words, a 1%4-in. plate 
ordered to 60,000 psi. tensile strength will carry 
a higher percentage of carbon than a %-in. plate 
ordered to the same strength, and when welded 
will show much more alteration of the metal near 
the weld than will the thinner plate. One may 
say that these are metallurgical niceties, but they 
are related to specifications and to the perform- 
ance of steel in welded ships, and thus concern 
all of us because of the situation with which we 
are dealing. Such considerations raise the ques- 
tion as to whether the shift from riveted to welded 
construction has been made without giving full 
weight to metallurgical features and safeguards 
in welding practice. 

In the light of what is happening, and the 
irrational furor in various quarters about the 
properties of steel as related to its performarice 
in welded ships, it is not unlikely that we need a 
renewed understanding of what specifications 
should specify, and how they should do it. With 
respect to structural steel for ships, assuming that 
the design is the same, is the range for tensile 
strength, 60,000 to 72,000 psi. as specified by the 
American Society for Testing Materials and the 
Federal Specifications the correct one, or the 
58,000 to 70,000-psi. range of the American 
Bureau of Shipping, or the 58,240 to 71,680 psi. 
of Lloyds? Again, is the proper yield point simply 
one-half the value of the tensile strength or one- 
half the value but not less than 33,000 psi.? 
Features of ship design may cancel out these dif- 
ferences, but the steel maker would still like to 
know, especially in times of unparalleled pressure 
for maximum output, whether specifications are 
really specifying actually required and optimum 
properties for the intended use. There is a com- 
munity of interest here, intensified by the deter- 
mination to do the utmost in the war effort. 

As a result of the meeting of the advisory 
committee to W.P.B. at which the above report 
by Dr. Zimmerman was read, a subcommittee 
was appointed to review present specifications 
with the intention of harmonizing them with 
the true requirements, and to work out a con- 
crete program for later submission to the full 


committee. 


Failure of S.S. Schenectad, 


By Special Subcommitte: 
American Bureau of Shipping 


HE S.S. SCHENECTADY (503x68x: 
all-welded tanker exactly similar j 
ships built and building by the Sun SI! 
and Dry Dock Co., Chester, Pa., of whic! 
than 23 have been placed in operation du 
past year and which, to the best of 
edge, have shown no structural defects in 
The S.S. Schenectady was the first ta 
built at the new shipyard of the Kaiser ( 
Swan Island, Portland, Oregon. She had 
launched October 24, 1942 and had satisfact 
completed her sea trials. She was lying afl 
the fitting-out dock of the Swan 
when, on January 16th, 1943, she brok 
with a loud report, fracturing suddenly 
the deck at a point just abaft the after end 


Island 


bridge about amidships, the fracture exter 
down both bottom 
which remained intact. All deck, side and b 
longitudinal frames fractured, as did als 
plating of the corrugated longitudinal bulk! 
and the centerline deck and bottom gird 
thus constituting a complete structural | 
except for the flat portion of the bottom 
plating. In no case did the fractures oc 


sides to the shell pl 


the transverse welds. 

The vessel jack-knifed so that the bot! 
shell plating knuckled transversely and sh 
above water while the ends of the forward 
after sections settled in the silt so that ther 
a gap of about 10 ft. at the deck. Fron 
character of the fracture the tearing of th 
shell appeared to have been more goradua 
progressive than the sudden fracturing 
deck from gunwale to gunwale. 

The forepeak tank, the forward deep & 
and the afterpeak tank were full of w 
ballasted for the trial trip and there was In 
tion about 3100 barrels of fuel oil in th 
bunkers immediately forward of the 
The resultant bending momen! 


space. 
in still water was about one-half th 
design bending moment. 

The hourly temperature for Ja 
1943, shows a high of 38° F. in th 
and 23° F. at 11:00 P.M., the tim 
The river water temperature was 
This drop in air temperature of 1 
period of 8% hr., while not extrem: 
denness, did introduce a factor in re: 


increased brittleness of steel at low | 
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illeged that the action of the Wil- 
r had washed a bank of silt under 
portion and that a subsequent drop 
| had, in effect, caused a stranding. 
io evidence of such a silt formation, 
ybsequent examination of the vessel in dry 
he Committee, disclosed no indication 
rounding damage. 

Factors Contributing to Failure — After a 
horough study of all factors surrounding the 


lure, including structural design, methods of 
nstruction and a complete physical, chemical 
id microscopic exploration of the material and 


he welding in way of the fracture, the Committee 
found the following factors relevant and contrib- 
ry to the failure: 

There was a tendency on the part of the 
shipyard personnel to depart from recognized 
fundamentals of good welded construction for the 
uidable purpose of speeding up construction to 
he utmost possible extent to meet the needs of 

present emergency. 

b) There were insufficient numbers of 
rained experienced welders and ship fitters avail- 

e for the job at the rate of production main- 
ned, and an inadequate number of skilled 
elding supervisors with the necessary knowl- 
lye of the basic elements of good welding prac- 
e to exercise proper control over the welders. 

There was neglect on the part of the 
ersonnel to realize the importance of adhering 
gidly to established welding procedures and 

lding sequences necessary to reduce shrinkage 
resses to a safe minimum. 

d) There was evidence in the sister vessels 
ider construction of poor fitting of large sub- 
ssemblies which necessitated considerable forc- 
ng into position by the excessive use of jacks 
id turnbuckles. In other cases open joints 
equired the use of an excessive amount of weld- 

resulting in excessive shrinkage. 

e) There was a lack of uniformity in the 
ality of the steel used in the hull structure. 

example, as compared with other plates 
vestigated, the particular sheer strake plate on 

starboard side where the fracture apparently 
‘arted had a very low proportional limit? (10,000 
as determined by extensometer readings 
also the Charpy 
lues for this plate were low, even at 
ii temperatures, and brittle at 20° F.: the 


he stress-strain curve); 
pact 


Py r Graf’s report on the steel has never 
ublic, so the location of the tensile test 
t be stated. If they were taken close 
fracture, as is likely, it would be 
” ted t the deformation during the failure 
material in such shape that it would 
oportional limit when tested in tension. 


values from the notch bend tests also showed 
considerable brittleness. It should be recognized 
that the Charpy and notch bend tests are not 
included in the ordinary commercial tests by 
which the quality of structural steel is determined. 

f) A serious accumulation of shrinkage 
stresses occurred in the automatic machine weld- 
ing of the deck assembly joints, especially in the 
longitudinal joint at the gunwale attaching the 
sheer strake to the stringer plate. This particular 
welded joint was also found defective in way of 
the location where the failure started, as evi- 
denced not only by a longitudinal crack but also 
by what appeared to be minute transverse cracks 
in the weld. 

(g) The hogging moment resulting from the 
distribution of ballast and fuel in the end tanks 
produced a tensile stress on the upper flange of 
the hull girder of approximately 9000 psi., which 
is comparatively moderate and certainly not 
sufficient in itself to cause any failure in the hull. 

(h) While there is no question with regard 
to the sufficiency of the vessel’s structure, there 
being no departure from recognized and proven 
design standards, the abrupt termination of the 
bridge-end fashion plates at the top of the sheer 
strake did constitute a serious point of stress 
concentration especially in a welded structure.* 

Summary and Conclusion — In the opinion of 
the Committee the failure of the hull structure of 
the S.S. Schenectady was due to a combination of 
unfavorable circumstances. The principal cause 
was an accumulation of an abnormal amount of 
internal stress locked into the structure by the 
processes used in construction together with an 
acute concentration of stress caused by defective 
welding at the starboard gunwale in way of the 
abrupt ending of the bridge fashion plate, aug- 
mented by the hogging stress due to the ballasted 
condition; this accumulation and concentration 
of stress caused a tensile failure at the starboard 
sheer strake which was formed of steel of sub- 
standard quality, all of which was aggravated to 
some degree by the drop in temperature. 

The procedure immediately recommended 
and carried out, whereby the defective welding 
previously referred to was removed from the 5.5. 
Schenectady and sister vessels and these joints 
properly rewelded, has proven a satisfactory cor- 
rective measure as demonstrated by the applica- 
tion of severe bending tests (hogging and sagging). 
It is the opinion of the Committee that the high 
stresses responsible for the fractures that have 
recently occurred in welded vessels were due 
primarily to the failure to adhere rigidly to the 


‘This constituted a sharp right angle in the top 
edge of the ship's plating. 
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procedure necessary to keep shrinkage stresses 
within the margin of strength allowed in the 
Steps have been taken with the full 
insure 


design. 
cooperation of all yards concerned to 
adherence to proper established procedure and 
the managements of the yards are fully alive to 
their responsibilities in the matter. The Com- 
mittee feels that closer control of welding pro- 
cedure in which the builders have already been 
instructed will prevent a recurrence of such major 
failures. It is also the opinion of the Committee 
that the probability of fractures resulting from 
residual stresses in welded construction will 
decrease with the length of service.‘ 


The above engineering report calls atten- 
tion to the following principal factors contrib- 
uting to this failure: (1) Abnormal internal 
stress; (2) Acute stress concentration; (3) Sub- 


Residual Stresses in 


By Robert T. Kinkead 


Consulting Engineer (Welding) 


IKE MOST OF THE PROBLEMS which arise 
in connection with electric are welding, 
residual stresses may profitably be studied in 
some of the prior crafts of metal working. No 
small part of the difficulties we have had with 
residual stresses, and they have been many, come 
about because the practitioner has come upon 
the art and science of welding with the admoni- 
tion that he would be dealing with something 
wholly new which was so far in advance of any- 
thing else that all prior craft could be neglected. 
I doubt that we shall ever discover anything that 
will not have its roots in what has gone before. 
The most logical place to find prior craft in 

the matter of residual stresses is in the steel 
foundry. A steel casting and a welded structure 
have much in common. The welded structure 
ends up by being steel, made by rolling, held 
together by welds which are steel castings. So 
far as I have been able to find out, and I have 
had considerable acquaintance among able steel 
foundrymen, there is no single kind of erratic 
behavior we have ever known of in steel castings 
which had not been stress relieved, that has not 
had its match in welded steel construction which 
‘In this belief the Committee evidently relies, 

as does Mr. Kinkead in the following article, on the 
relief of internal stresses that accompanies slight 
overstressing (proof stressing) of sound structures. 


standard steel of low toughness (notch tes 
The third factor has already b 
The second can be 


consid 
ered at length. 
in part by changing the contour 
shapes, but undercut edges and ch: 
promoter of 


rrects (j 


defective welding, as a 
stress concentration, will be much more diff. 
cult to Defective 
improper welding sequences also have muc 


welding 


eliminate. ng al 
to do with abnormal internal stress, wh), 
appears to be the prime cause of the failyr 
in the Committee’s opinion. 

What can be done about internal stresses 
is set forth in the following notable paper |y 
Robert T. Kinkead, read May 14 before th: 
Annual Conference of the Cleveland Secti: 
American Welding Society, and published he: 
by courtesy of that organization: 


Welded Structures 


had not been stress relieved. In both cases th 
structures squirm when being machined, th 

crack before getting into service, they virtuall 
explode when subjected to impact in cold weath: 
they fail with a fracture showing that no plast 
deformation took place. The erratic part of 

lies in the fact that of two apparently identi 

structures or castings, one will fail and the othe 
will not! 

Everyone knows what the steel foundryn 
do to overcome the difficulties — they relieve 
internal stresses within the castings in a furnace 
either as an incident to heat treating or as a se| 
arate safeguarding operation.® 

Stress relieving a welded structure in 
furnace does in fact prevent erratic behavior 
from residual stresses incident to welding. | 
welding procedure has been such as to leaw 


+} 


the 


, 


“Internal stresses” mean a system of balar 
forces existing within the body of a structure ev 
though it is not subjected to any working loads 
simple example is a spoked wheel; dangerously !2 
tension stresses can exist in the spokes, anchored 
the inner end to a hub, and at the outer en 
stiff, double arch of the rim. Stress relie! 
of mild steel would act in this way: The temperatu' 
would be raised slowly to at least 1000° F., that 
into a region where the rigidity of the 
low, so that the “push-me, pull-you” tend 
actually operate. The material actually 
ranges its atomic configuration, or relax« 
such a way that internal stresses are ¢ 
the low plastic strength of the metal at 
nace temperature. See Metal Progress, Fe! 

p. 212. 
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s or extremely high residual stresses, 
ire may crack locally prior to or during 
operation. This happens also in steel 
id in both cases proper welding repairs 


small e1 
the stru 
the tur! 


ystings 


mav be made. 

“We have three other cases to consider, the 
ne in which the structure is of such a shape as 
to permit easy mechanical stress relief by load- 
ww, another in which the structure is so large 
that it cannot be put in a furnace, and lastly the 
welding techniques designed to prevent high 
residual stresses. 

A cylindrical or spherical tank made up of 
welded components is easy to stress relieve by 
internal hydraulic pressure in excess of the work- 
ng pressure, and this method is approved by the 
\.S.M.E. Code for certain classes of unfired pres- 
sure vessels. In the vessels having heavy plate 
ind of a class the failure of which would cause 
leath and great destruction, stress relieving in 
the furnace is required. Many welded structures 
for mechanical purposes are effectively stress 
relieved by loading applied by hydraulic cylin- 
lers, by application of weights or otherwise pro- 
lucing unit stresses greater than the working 
ad. What happens is that metal which is 
ilready highly stressed incident to the welding 
peration simply passes through the yield point 
nio the plastic range, and deforms locally, thus 
lissipating the local residual stress. 

A large oil storage tank, a bridge or a ship 
represents the case of the structure being too 
urge to get into a furnace. But here the solution 
to the problem of eliminating erratic behavior 
nay be worked out along the same lines that have 
been proven in pressure vessels. An oil storage 
tank is required to be filled with water. This 
will stress the structure slightly beyond its normal 
nit stresses when filled with oil and stress 
relieve it very effectively. A bridge may be 
ded with whatever is the most convenient, 
such as water tanks or sand bags. A ship may 
ve loaded with water in her ballast tanks.® 

Some structures may be stress relieved by 
heir first service loading. This requires the 
\ercise of considerable judgment; the important 
luestion which arises when no previous experi- 
ice is available is related to the design of the 
‘ructure itself and whether residual stresses 


"Ballasting end tanks will relieve dangerous 

centrations of longitudinal tensile stresses in the 
‘Pper members of the hull, which act as the tension 
‘nge of a long beam, either by plastic action (which 
‘esired) or by fracture (which can be 
Relief of dangerous tension stresses in a 
direction at or near the keel and bilge 
' Se similarly corrected by central ballasting or 
ng launching. 
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might cause disastrous failure on first loading. 
A welded crane girder as now commonly designed 
illustrates a structure which is not likely to fail 
on first loading regardless of residual stresses. 
A poorly designed ship represents a structure 
which may fail on first loading in service. 

The temperature at which first loading is 
applied whether service loading or for the pur- 
pose of stress relieving will have an important 
effect. Thus a large crane shovel boom of welded 
construction given its first loading in zero weather 
may fail in the plate due to residual stresses and 
low impact resistance of mild steel at low tem- 
peratures? There is always a certain amount 
of “snapping” and violent readjustment of a 
welded structure which has not been stress 
relieved, when the first loading is applied. This 
sets up impact stresses which at low temperature 
in combination with residual and loading stresses 
are likely to cause failure. 

The plan of using a technique to prevent 
high residual stresses incident to welding is most 
interesting. Early in the history of welding ships 
in this country the U. S. Navy adopted a formula 
for manual welding of ships which has stood the 
test of time. It is simple: “Start welding amid- 
ships, weld outboard, fore and aft, up and down, 
always stepping back.” While it is difficult to 
weld up, stepping back towards the centerline 
and I do not believe much of it is done — the 
procedure is sound, and when the additional 
requirement of keeping the welding balanced on 
the hull is followed, it works out effectively. 

“Stepping back” is a procedure which was 
taken directly from the prior craft of riveting. 
The practice does effectively limit the degree of 
transverse residual stress but it does not affect 
the degree of longitudinal stress incident to the 
welding operation. 

Peening weld metal as it is applied and after 
both weld and plate have returned to ambient 
temperature is entirely effective in reducing 
residual tensile stresses. The only valid objection 
to the practice is its cost.* 

From the engineering point of view we would 
seldom rely for safety on the assumption that any 
of the procedures designed to prevent or progres- 
sively reduce residual stresses had actually done 
so. There are too many doubts about whether a 
procedure was followed and the result actually 
attained. If the structure were of the type which 


7™Mr. Kinkead might also have mentioned as a 
major cause the likely existence of minute fractures 
(stress raisers) either in the weld metal or in the 
heat-hardened base metal alongside the seam. 
how much 


8And the impossibility of knowing 


peeping is necessary. 
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should be stress relieved by preliminary loading 
before putting into service, we would apply the 
load regardless of the manufacturing procedure. 
In this event peening or whatever method was 
applied would be so much waste of time, insofar 
as residual stresses are concerned. Correct pro- 
cedure and sequence of welding are matters of 
importance in the welded assembly to prevent 
cracks which would otherwise occur, and to avoid 
excessive deformation during fabrication. 

Since modern practices have been followed 
[ have never seen a structure, relieved by mechan- 
ical loading at a temperature above 45° F., fail 
where the cause could be clearly shown to be 
primarily residual stresses. I have seen struc- 
tures fail for other causes under such loading, 
but when the structure fails under these condi- 
The break is repaired by 
welding and retested. Likewise a break on proof 
loading has a salutary effect on the personnel. 

Taking into account the physical properties 
of the steel in large structures and those of the 
weld metal, it is difficult to conceive how residual 
stress could cause failure under static loading. 
Leaving armor plate out of consideration, weld 
metal has a higher yield point than the mild steel 
plate commonly welded. No one would inten- 
tionally apply a load which would produce unit 
stresses above the yield point of the steel. 


tions no one gets hurt. 


The purpose in removing or greatly reducing 
residual stresses is to protect the structure against 
failure due to reversal of stress, impact, and 
behavior due to bi-axial and _ tri-axial 
stresses.” In dealing with the safety of the 
structure we are not concerned with whether 
failure originated in the weld or in the plate 
which has residual stresses incident to the weld- 


erratic 


ing, as long as both plate and weld are sound. 
Unless the structure as a whole behaves under 
service loading exactly as if it were all one piece 
and made of the steel specified, its behavior is 
unpredictable. It will be unpredictable under 
the types of loading mentioned above so long as 
residual stresses are a factor in its behavior. 

It is a fact that we have no non-destructive 
method of evaluating residual stresses in a struc- 
ture. 
identical structures of large size is unreliable. 
We can never be sure that the procedure and 


Even experience in building a number of 


sequence were identical. 
The way in which we deal with 
stresses in welded structures to make the struc- 


residual 


tures safe is based on a vast amount of practical 


experience in prior crafts of metal working as 


well as on the experience of large numbers of 
able men who have built large welded structures 


%See “Addendum on Tri-Axial Stresses”, p. 946. 


We are | 
frightful 
Nation’s experience and the need for lar; 


successfully for many years. ¥ in the 
in our 
Welded 
Structures is first on the list of urgency, Yay 
numbers of new and previously inex perience 


most desperate and strugg!| 


personnel serve as workers and as superyison 
and even engineers. It is to be expected that 
errors of judgment will be made, they undouhy. 
edly have been made and will continue to 
made. These things are just as unavoidable x 
the loss of brave and gallant officers and me 
on the field of battle due to their inexperience gs 
soldiers. If the information I have is correct, th 
number of failures of large welded structures 
due to residual stresses, causing loss of life, is y 
small as to be one of the lowest hazards of th 
war. We will not know the whole story until 
after the war is over, and perhaps not then 
Nevertheless, I have undertaken to give a general 
overall picture of methods of dealing with resid. 
ual stresses in the hope that it will be useful | 
those who are responsible for making welded 
structures safe from failure due to these causes 


Lest it be imagined that these problems in 
ship building and ship sailing were unknow 
before the welded hull, these articies may bk 
ended with quotations from “The Ship Thal 
Found Herself”, written by Rudyard Kipling 
before a welded ship was even dreamed of 

The skipper said to the engineer, “The parts 
of the new ship have not learned to work together 
yet....Every inch of her has to be livened y 
and made to work with its neighbor 0 
new little ship has to be sweetened yet 
nothing but a gale will do.... 

“Rigidity! Rigidity! Rigidity!” thumped | 
engines. 

“Ease off!” shouted the forward collis 
bulkhead. “I want to crumple up, but I'm s! 
fened in every direction. Ease off, let me breat! 

All the hundreds of little plates that 
riveted to the frames echoed the call, ! 
plate wanted to shift and creep a little, and 
plate, according to its position, complain 
against the rivets. “Theoreti-retti-retti-ca:ly Ms 


” 


Ol 


ity is the thing. Purr-purr-practically, ther 
to be a little give and take. 
And later, after the gale, there 
much groaning and straining as ever 
not so loud or squeaky in tone, and 
ship quivered, she did not jar stiffly, | 
hit on the floor, but gave with a Ss! 
waggle, like a perfectly balanced go! 
For when a ship finds herself, all 
of the separate pieces ceases and mel! 
voice, which is the soul of the ship. 


” 
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Notches affect impact strength 


i> 


Information supplied by an Industrial Publication 


The effect of fillet radius on the life of machine 
parts operating under alternating stress has been 
known for a long time. The knowledge has been 
put to good use in designing parts so as to avoid 
fatigue failures. 

The effect of variation in the notch radius 
of Izod impact bars has shown the way to- 
wards the elimination of impact failures in 
filleted parts. 


Two sets of standard size impact bars were 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
~ATA ON MOLYBDENUM APPLICATIONS. 


machined from one heat of steel, both with a 45° 
notch. In one set the notch radius was 0.01 inch 
and in the other 0.05 inch. After quenching, and 
in some cases tempering, the bars with 0.05 inch 
radius consistently showed about 140% improve- 
ment in impact strength. 

The practical application of these results, which 
consisted of increasing the existing fillet radius, 
has eliminated impact failures in a part where the 
problem had become serious. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED ® 
FERROMOLYBDENUM e« “CALCIUM MOLYBDATE” 


> nae . “4 
~@e n-um ‘Compan Y 


-New York City 
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Personals 


Thomas N. Armstrong ©, met- 
allurgist with the 
and research department of the 


development 


International Nickel Co., is now 
also a part-time member of the 
staff of the War Metallurgy Com- 
National Academy 
National Research 


mittee of the 
of Sciences, 
Council. 


Ralph N. Fitzpatrick ©, for- 
merly alloy foundry metallurgist 
Philadelphia, 


of the Midvale Co., 


is now a sales engineer for the 
Electro Metallurgical Sales Corp., 


New York City. 


Earl S. Patch, formerly 


executive of the Moraine Products 
Division of General Motors Corp., 
Dayton, has been appointed sales 
Crowley & 


manager for Henry L. 
Co., Inc., West Orange, N. J. 





METALLURGICAL PRODUCTS ANALYZED 
SPEEDILY AND ACCURATELY 


Slomin High Speed Electrolytic Analyzers 


The rapid acceptance of this instru- 
ment for metallurgical analysis is 
outstanding endorsement of its proven 
ability and consistent reliability. Over 
700 Slomin Analyzers are now in use in 
metallurgical laboratories. 

Electrode design, current efficiency 
and improved procedures reduce deposi- 
tion time formerly required by other 
systems as much as 25 to 40%. Under 
these high speed conditions hard, smooth, 
bright and closely grained deposits that 
firmly adhere to the electrodes are pro- 
duced, thus assuring good reproducibil- 
ity of results. Users report an accuracy 
of 0.01 to 0.04% for routine deter- 
minations. 

Each model is portable and enclosed 





E. H. SARGENT & CO., 
Michigan Division: 


155-165 E. Superior St., 
1959 E. Jefferson, Detroit, Mich. 


in a welded steel case finished in acid 
resistant baked white enamel. The 
brushless motor is vapor tight and is 
therefore unaffected by corrosive fumes. 
Both models have an _ electrically 
heated, rheostat controlled beaker plat- 
form for adjusting solution tempera- 
tures, and voltmeters and ammeters so 
that detailed studies can be made. 
Each position of the two place ana- 
lyzer is a complete circuit that operates 
independently of the other. Conse- 
quently this unit can be used for the 
simultaneous determination of two 
samples having widely divergent char- 
acteristics. 
A laboratory manual of high speed 
electrolytic methods of analysis written 
by G. W. Slomin is sup- 
plied with each analyzer. 
Individual copies are 
available at $1.50 each. 
@ S$-29460 Slomin Electro- 
lytic Analyzer. One position. 
5S Ampere Model, with Heat- 
ing Plate. For operation from 
115 wole, 60 cycle circuits. 
Each $155.00 
@ $-29462 Ditto. But for 
operation from 230 volts, 60 
cycle circuits. Each $160.00 
@ $-29465 Slomin Electro- 
lytic Analyzer. Two posi- 
tions. ‘S Ampere Model with 
Heating Plate. For operation 
from 115 volt, 60 cycle cir- 
cuits. Each $275.00 
@ S$-29467 Ditto. But for 


operation from 250 volts, 60 
cycle circuits. Each $285.00 
HIGH SPEED 

ELECTRODES FOR USE 
WITH SLOMIN ELEC- 
TROLYTIC ANALYZERS 
@ S$-29632 Corrugated 
Platinum Anode (Patent 
pending). Price subject to 
market. 
@ S$-29672 Corrugated 
Platinum Cathode (Par- 
ent pending). Price sub- 
ject to market. 
Literature on Request 


Chicago, Ill. 


A. Bho 


SCIENTIFIC LABORATORY SUPPL 
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Harold F. Haase © has 
appointed to the staff 
Memorial Institute, 
Ohio, to engage in elect 


been 
Battelle 
olumbus, 
‘hemica] 
research. 

F. R. Morral @ has resigned 
as assistant professor of metal. 
lurgy, Pennsylvania Stat; College, 
to take an industria! lellowship 
at Mellon Institute, Pittsburgh, 


Michael Chiovare Ss. formerly 
die hardener, Automatic Electric 
Co., Chicago, is now tool and die 
, Dodge Chicago Plant of 
Chrysler Corp. 


hardener 


G. B. Kiner © has transferred 
from assistant chief metallurgist 
International Harvester Co., Fort 
Wayne Works, to chief metallur. 
gist at the St. Paul Works. 


George H. Thurston @ is now 
a captain in the U.S. Army, sery- 
ing as battery commander some- 
where in Alaska. 


H. L. Frevert, formerly presi- 
dent, has been made chairman of 
the board of the Midvale Co, 
Philadelphia. Francis Bradley be- 
comes president, and is replaced 
as vice-president by George E. 
Smith, general superintendent. 

Awarded the medal of the 
American Institute of Chemists: 
Walter Savage Landis, vice-presi- 
dent of the American Cyanamid 
and Chemical Corp. 


Everett Chapman © has re 
signed as president of Lukenweld, 
Inc., Coatesville, Pa., to establish 
his own consulting engineering 
business. Administration o 
Lukenweld will be in charge o 
G. Donald Spackman, who was 
recently elected vice-president 
charge of operations at Lukens 
Steel Co., the parent organization 


A. John Erlacher © 
a welder for Sun Shipbuilding 
and Drydock Co., is now methods 
engineer for Welding Engineers, 
Inc., Norristown, Pa 


G. F. Hocker @ has 
pointed Governmen 
officer of the Comm 
Forging Industry Aq 
mittee to War Prodt 


formerly 


been ap 
presiding 
ial Drop 
wry Com 
n Board. 
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expanding range of radiography today 
demands distinctively different types of film 


m3 
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= 
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KODAK now supplies 4 


A DIOGRAPHY has been given so many widely different 
assignments today with so many differences in the 
size and shape of the parts inspected . . . in the metals and 
alloys used ... in the type of information sought... and 


in the radiation employed—kilovoltages from 5 to 1000, as 


well as gamma rays .. . that one type of film is no longer 
enough for the work. Kodak supplies four distinctly different 
types—with individual combinations of characteristics de- 
signed specifically for the exacting requirements of the 
industrial field ... 

Kodak Industrial X-ray Film, Type M_ Primarily for 
million-volt work. This newest Kodak Film has extra fine 
grain, high contrast, and is particularly effective for most 
million-volt work . .. for aluminum and magnesium alloys 
at average voltages . . . and, for general use, where highest 
definition is desired and high film speed is not required. 
Kodak Industrial X-ray Film, Type A Primarily for 
light alloys at lower voltages. A fine grain. high contrast 
film, with higher speed than Type M. Particularly suitable 
for light alloys at lower voltages and for million-volt radiog- 
raphy of thick steel parts. 

Kodak Industrial X-ray Film, Type F Primarily for 
the radiography, with calcium tungstate screens, of heavy 
steel parts. Has the highest available speed and contrast 
when used with calcium tungstate intensifying screens. Also 
used for gamma radiography—direct and with lead-foil 
screens. 

Kodak Industrial X-ray Film, Type K_ Primarily for 


the radiography, direct or with lead-foil screens, of lighter 





steel parts. Has the highest available speed in direct x-ray 
exposure ... when used with lead-foil screens at higher 
voltages ... and, for heavier parts, with gamma rays. 

* 
Kodak’s research in industrial radiography began in 1927, 
and the experience and knowledge gained in this 16 years 


may be of value to you in your particular application. 


Eastman Kodak Company, \-ray Division, Rochester, N.Y. 
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‘ » © * ments for bricks in 

. * >» > a@ STs: 
Blast Furnace Refractories ee 
(Uniformity of ‘ 
By Ravmond FE. Birch resist abrasion, gas penetration, , oe 
and slag attack Pressure cracks 
— MODERN blast furnace do not develop in power pressed 
imposes severe conditions brick if vacuum is applied to the 


important at all locat 
sion is a factor of 
tance just below tl 
on the refractory linings. loose clay just before the brick ponies = & Ses 
Nevertheless, improvements in is pressed. This led to the Hen- the inwall. However 
the brick themselves have greatly dryx plan for withdrawing the 
increased the life. Shaping the air in the fraction of a second 
brick in a vacuum has decreased within a normal pressing cycle. 


ing the standard b| fy 
refractories, toughness has hex 
sought rather than ha 
: : 7 a Regardless of improveme: 
the porosity, which helps them Service Factors rhe require- ba I me! 

. brickwork, the bosh n ist a 


be water cooled. 





Carbon Disintegration 
of the important enemies 
ings is disintegration caus 

he de iti of carbo 
LIQUID CARBURIZE IN he wees ut Se 
ently a reaction takes ; 
CYANAMID TWO COMPONENT BATHS between carbon oxides (abs 


by the brick) and the met 


oxides contained in_ the 


; Some blast furnace brick 
given a reducing burn to « 
the iron oxides to magneltit 


thus render them less activ 


catalyst. Furthermore, it 


=e — ay learned that harder firing « 
AEROCARB DEEPCASE the iron oxide to combin 


alumina and silica, wher 


AEROCASE” | not an active catalyst | 


reaction depositing carbon 


In bricks which res 
integration each part 


Cyanamid pioneered and for many years has been the sole advocate of oxide had apparently 


the two-component type of liquid carburizing baths. Aerocarb and with 1%4 parts of aluminu 
Aerocarb Deepcase, more recent developments of our laboratories, silica, while in those whi 


incorporate in their formulation the knowledge and experience gained integrated the iron oxid 
over more than twenty years of laboratory investigation and industrial combined with less tha 


n 


experience. Only two components can provide the ease of control and . . one 
f i P of alumina plus silica. A 


chemical stability necessary under the difficult conditions encountered ; ' 
ing burn at high tempera 


needed to bring about the des 


silicate formation E\ 


today in war plants where deeper cases, longer time cycles and smaller 
drag-out losses have resulted in many bath failures. 
Former exponents of single material baths are recommending two 


components for applications in which their standard single material temperatures just a lit 


had failed under today’s exacting conditions. But two components alone those ordinarily use¢ 
are not the solution to liquid bath operating difficulties. Cyanamid’s greatly improve bla 
careful selection and preparation of materials and intelligent formu- brick in this respect 


lation are necessary to provide baths that are unmatched in stability of These high-fired 


; 
i 


bath composition, uniformi i penetrati ality of case. 
po: ation, uniformity of penetration and quality of case are available in two | 

Let us prove this statement through the operation of a Cyanamid two- | 
component bath in your plant. The experience of a technical staff 
and the facilities of our laboratories are at your disposal to assist 


in the solution of your case hardening and carburizing problems. 


Brick made f! 
blast furnace mlx‘ 
higher than normal t 
2. Super-duty ft 


AMERICAN CYANAMID ee ee 


(Continued 
~~ & CHEMICAL CORPORATION 
(Caz)) A Unit of American Cyanamid Company 
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30 ROCKEFELLER PLAZA - NEW YORK, N.Y. Experiment 
+ Reg. U. S. Pat. OF State University, Oct 
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“Black Light™ testing makes certain the bond 
is perfect on edges of all Mallory Bearings 
Under its magic rays, microscopic voids and 
cracks show up by fluorescence. A filter cuts ou 
visible radiation from the “Black Light™ 
allowing only ultra-violet radiation to pass 








MALLORY Bearings 
Meet Critical Loads Superbly 


, 
Wher E ordinary bearing surfaces are inadequate to meet the stresses 
and strains a fighter plane’s engine must undergo, Mallory Bearings func- 
tion marvelously. They can take the terrific pounding and fatigue stresses 
imposed by suddenly applied loads from a high powered pursuit plane 


in action. 


Mallory Bearings are made by Mallory’s Mallosil Process of bonding 
silver to base metal backings. They provide a tough, homogeneous, heat 


dissipating silver surface of high fatigue resistance; ample strength and 


hardness; and high resistance to seizure. 


What is more, Mallory Bearings are precision made. Through use of 
newly designed precision tools and test instruments, skilled Mallory crafts- 
men have set remarkable records for exactness and uniformity in produc- 
ing bearings, bushings, pinion races, gear races and other aircraft engine 
parts. With tolerances measured in split-thousandths, they are turning out 
ever-increasing quantities of precision parts with an accuracy and uni- 


formity considered impossible only a few short months ago. 


Continuous experimental designing and testing indicate even greater results 
for the future. The experience and technique gained in War production 
will be invaluable for commercial motors development when Peace has 
arrived. Consult us on the possibilities of the Mallosil Process for you. 


P.R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA © Coble Address — PELMALLO 


Pat. Off.—Maollosil, Rectostarter, Vibrapack 


LPR MALLORY & CO inc | SERVES THE AVIATION, THE AVIATION-INSTRUMENT AND 
MA LLO RY THE AVIATION-COMMUNICATION FIELD WITH WELDING 
TIPS, THE MALLOSIL PROCESS —BEARINGS, SPECIAL ALLOYS, 

ELECTRICAL CONTACTS, VIBRATORS, VIBRAPACKS, CONDENSERS, ROTARY AND PUSH BUTTON 
SWITCHES, ELECTRONIC EQUIPMENT, COMMUNICATIONS HARDWARE, RECTOSTARTERS 
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fireclay brick now being tried is tration could = be 


. . 
Refractories their high permeability. important than por 
The Alkali Problem The W. Rex McLain has | 
(Continued from page 932) big question mark in the whole that alkalies alone ithout 
Their outstanding properties problem of improving stack life aid of deposited carl cal 
include high spalling resistance, is the effect of alkaline elements. pletely disrupt blast fur; 
high temperature volume stabil- Hardness of burn is probably of stack refractories. His 
itv, low porosity and high refrac- no great importance in this con- sions are worth restating 
toriness. Their resistance to nection. Even low porosity can- “1. The inwall ning 
carbon disintegration depends not do more than retard the blast furnace stack, about 2 
soda-bearing vapors. The prop- up from the mantle, may 


erty of permeability to gas pene- expected to disintegrate bers 
of alkali pick-up and the for, 
tion of nephebine. 

“2. The most severe disi 


upon the way they are fired. 
A deficiency in the super-duty 





gration corresponds to the ¢ 
est alkali increase. 

“3. Neither the convers 
iron oxide to Fe.,O, or FeO 


HIGH ALLOY CASTINGS) i is0:. 
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from the clay will prevent car! 





disintegration because 1 to 2? 
iron is absorbed by the 





during its service.” 


4 tons. Lining failures from zin 


of any size UP - nickel 


+ anti fc 
ination © | 
mb . 1 ments. Importance of Design an 
lloying e/e ae 
- dr with com- Installation Today's blast { 
rm foun ¥ nace is a well-balanced ma 


of high efficiency. In the 


hromium. densation have also been | 


of any ©° 


and other 
e ina mode 


mad 


ilities. . 
plete facil nce dating back the refractories suffered wh 


backed by o gee and back to designer modified the des 
on to 1922 for static cast’: . without regard to the capabi 

for centrifugal casting®- of the building materials 
1931 - instance, the trend to w 


hearths penalized the refrac! 








in the stack since it was nol 








ized immediately that the 


eter at the stock line need 
. . 8 cry be increased also. Again, [as 
That, in a few words, is melting rates increased gas ‘ 
what DURALOY has 0 ’ ities in the stack and caus 
offer industry. lt — channeling. On the other ! 
much as any high alloy | recent improvements in des 
foundry can offer and and greater uniformits 
more than most. ; charge have benefited the 


And experience is prob- 
ably the most important 
item on the list. Bear it in 
mind when in the market 
for high alloy castings. 


Further improveme! 
refractories may be 
but details of then 
and care may turn out 
more important. Us« 
bonding, high |! 
cements in the bru 


THE DURALOY COMPANY under the wearing 


Office and Plant: Scottdale, Pa. becoming standard p! 
Eastern Office: 12 East 4ist St.. New York, N. Y. importance of thorot 
Detroit Scranton, Pa. . 
The Duraloy Co. Coffin & Smith out the furnace, and 
of Detroit ms ' 
Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans the bottom, cann 








emphasized. 
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GONE TOWAR. 





ALLOYS ARE 
VITAL TO 
vicTory™ 





CARRYING ON “ON THE HOME FRONT” 


Limitationst on certain uses of 
chromium-nickel iron alloys ior 
heat resistant purposes restricts 
the use of Nichrome (HW). In 
order to save vital nickel and 
chromium, it has been determined 
that an alloy such as Chromax 
(HT) will suffice during the emer- 
gency for applications such as 


DRI 


Branch Offices CHICAGO: 1138 W. Washington Boulevard 
LOS ANGELES: 445 South San Pedro Screet CLEVELAND: 7016 Euchd Avenue 
DETROIT : 638 New Center Building SEATTLE: 2122 Fourth Aveoue 


* 


carburizing, salt and lead pots. 
quenching fixtures and the more 
severe uses. To get the best from 
this alloy, it must be cast properly. 
We at Driver-Harris Company can 
do just this. 


+See W.P.B. Supplementary orders 
M-21-g. 


ER-HARRIS COMPANY 


HARRISON, NEW JERSEY 


SAN FRANCISCO: 255 San Bruno Avenue 





*Trade Mark Reg. U. S. Pat. Off 
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Beryllium 


(Continued from page 907) 
manufactured but the cost would 
be high. The availability of alu- 
minum base beryllium alloys for 
major items of aircraft or engine 
construction cannot be seen 
around the corner and should not 
be viewed as a wholly probable 
short-time outcome of present 


efforts in this direction. The 
Army Air Forces (Wright Field) 
and the War Metallurgy Commit- 
tee have encouraged research on 
aluminum-beryllium alloys in the 
past and have recommended that 
experimental work be continued 
because of the chance that, for 
one or more special war applica- 
tions requiring relatively small 
amounts of material, the alumi- 
num-beryllium alloys may show 
outstanding superiority. 








SIMPLICITY ! 


All This and 
More with 


maintain. 


No _ highly 
erators required. 


Free from Scale— 





ECONOMY! 


Seniry 


DIAMOND or High Speec 
Bleck é, for High Speed 


No Valves to adjust — No Generators to 
Automatically produced Atmosphere 
always Constant and Correct for ANY H. S. 
STEEL ALLO Y—MOLY—TUNGSTEN—COBALT. 


skilled or 


Adopt The Sentry Diamond Block Method 
of Atmosphere Control for High Speed Steel 
Hardening and produce tough tools — 


Free from Decarburization— 


True to Size— 
and with unskilled help!!! 


Ask for Bulletin 1012-6A 
and about Sentry Furnaces. 


QUALITY! 


Steel Hardening 


highly trained op- 





The Sentry Company 
FOXBORO, MASS.;U.S.A. 
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Beryllium Oxide R 
Beryllium oxid 
used as a refracto materia] ; 
extremely strong and har 
very resistant to thermal 
Of major importance is its ps 
ing point of 2570° ©. (4669p 
which is about 500° C. (gop 
higher than that of aly 
Moreover, beryllium oxide 
combination with other oy 
seems to confer upon the mix 
its own quality of electyj 
resistance at high temperature 
In spite of its high them 
conductivity, but because of § 
great stability, finely divg 
beryllium oxide is an excelle 
heat insulator for high tempe 
ture furnaces and especially { 
high frequency insulation whe 
electrical conductivity may 
undesirable. 


ractory 
fired to 


Beryllium Phosphors 

Beryllium oxide is the m 
important fluorescent materi 
used in lamps. Materials havi 
the property of transform 
radiation of a given wave lengl 
into radiation of longer w 
length are now referred to 
“phosphors”. Beryllium ph 
phors are used in about 92% 
the present production of lam 
and are also used in smal 
quantities in X-ray screens, te 
vision and other cathode-t 
tubes. 

One pound of beryllium ot 
is sufficient for more than # 
fluorescent lamps. About 10" 
pounds of beryllium oxide ant 
ally will be needed fo: phosphor 

The best substitute 
known for beryllium as 4 p! 
phor is cadmium. Besides requ" 
ing 18 times more cadmium 0“ 
than beryllium oxide, the " 
light output is 20% lower 
the maintenance of initial 
output is only 73% of that o! a 
beryllium phosphor at the en¢ 
500 hr. It will the 
erable to pay cons! 
prices for berylliv 
than to use cadmi' 
ings in the consu! 
trical energy res 
minor use of bery 


a 


re be } rel 
ibly highe 
phosph f 
Large sa 
yn of elec 
from ‘tt 
) oxide. & 
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One Purpose ++ 


te IMPROVEMENT of erat. 


Forge Plant of The Steel Improvement & Forge Co., January, 1943 


by FORGING 


Throughout 30 years of venturesome technical and production 
effort, marked by one plant expansion after another, this forg- 
ing organization has invariably utilized the exact forging techniques 
required, to obtain the utmost improvement of metals by forging. 
Adapting a broad experience, with exacting forging techniques, to 
the production of forgings for war, is our whole duty today. 


EEL IMPROVEMENT & FORGE CO. 


FORGINGS 958 East 64th Street CLEVELAND, OHIO 
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Openhearth 


(Continued from page 903) 
To avoid such defects it was 
recommended that nozzles be 
large enough to allow metal to 
overtake shells before they 
become oxidized or cold, and that 
stop pours near the bottom of the 


ingot be avoided. 


Boron as Alloying Element 


Boron has emerged from the 
experimental stage as an alloying 
element. were told 
that its effects in increasing hard- 
enability were at a maximum 
when 0.003% is present. Further 
additions up to 0.007% have no 
value, and beyond this amount 
trouble with hot shortness may 
be expected. When ferroboron 
is used for ladle additions, best 


Operators 





Uniform Temperature + High Capacity with 


y-S Salt Sath Furnaces 


tits 


R-S pioneered in the development of Salt Bath 
Furnaces for the heat treatment of aluminum 
alloy parts. Some of these installations have 
been in continuous operation for fifteen years 


or more. 


The exceptional results obtained in tempera- 
ture uniformity with the consequential uniform 
physical properties, have convinced 

such customers that these furnaces 


inum. 





ANNEALING ° 
ROTARY HEARTH . 
CAR HEARTH ° 


PLATE AND ANGLE HEATING © 
METAL MELTING ° 
CONTINUOUS CONVEYOR 


have no equal for heat treating alum- 


High capacity with minimum floor 
space is also an important consid- 
eration. 

If you need additional facilities for 
heat treating aluminum aircraft parts 
or stampings, we shall be glad to 
submit detailed information on the 
equipment required. 

FURNACE DIVISION 


R-S PRODUCTS CORPORATION 
128 Berkley Street - Philadeiphia, Pa. 


FORGING 
CONVECTION 
SALT BATH 


BUY WAR BONDS 
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results have been 
adding it after all 
dizers. Fine graing 
thus thorough de 
necessary for its si 
as an alloy. 


tained by 
her deoxi. 
Steel (ang 
dation) j, 
eSSful uy 


Analytical Improvements 

Use of the Spectrograph {oy 
analysis of residual alloys jg 
scrap and openhearth baths j 
becoming more widespread, ¢,7 
Morok stated that five elemen 
can be reported within 30 ma 
after the sample is received, 4.) 
BEERS reported that 18,000 dete. 
minations for residual elemeny 
had been run by one speci 
graph during a single monhi 
Aside from this practical valy 
the spectrograph is also creating 
important savings in chemigd 
research. 

Mr. Morok also deseribedi 
simple method for sampli 
molten steel. The apparatus com 
sists of a glass tube which i 
fitted with a rubber bulb at t 
cool end. The bulb is compress 
and the tip of the tube insertet 
into molten metal. When tf 
bulb is released, metal is suck 
into the tube and a long solid 
pin of the type desirable for spet 
trographic analysis is obtain 
Investigation proved that no a 
tamination resulted from 
glass tube, which remain 
unmelted after sampling. 


Steel Plant in California 

The new steel mill be 
erected by H. J. Karsen at Fo 
tana, Cal., was described in detal 
This will be a complete pla 
with coke ovens, biast furn 
five 185-ton openhearths, 
plate mills. It is estimated tha 
ingot production will reae 
675,000 tons annually. Plat 
will comprise the bulk of & 
finished hey will 
rolled direct from 
blooming mill has b 
Facilities for mold 
and pouring are 
complete because it 
that most of the 
bottom poured. 


product; 
gots $0 

n installed. 
preparalla 
. ceptionall 
anticipa® 


ts will 









oslyn 


Stainless 


Joslyn Mfg. and Supply Co. 


FT. WAYNE, INDIANA 








Addendum on Tri-Axial Stresses a ae 
held by “tri-axial” f 
By The Editor would occur by tearing of » 
from atom, bond from bond ys 
N ORDER that “tri-axial stress” another. In other words, the tensile out signs of “ductility”, so called 
may not be merely another name stresses are “resolved” along lines How can such a failure ocey 
for something one doesn’t under- and directions which cause slight everyday life? Suppose a Densteg 
stand, the following explanation is movements in shear. If, now, the is rigidly anchored both ena 
ventured: A ductile metal will particles of metal were so held that and filled with water. The intered 
deform plastically, prior to fracture, slip movements (shear) were hydraulic pressure w Cause th 
and metallographers can prove that impossible, these particles would pipe to enlarge in diameter an 
such deformation occurs by slip of theoretically then be acted upon by the necessary metal for th 
one portion of a crystal past balancing forces in the three co-or- circumference would norms 
come from a shortening of the pip 





just as a snaky garden how : 
straightened out when the press > 
is on. But this penstock is ancho 
and cannot shorten. Disasty 
failures have been recorded 
precisely those conditio 
fracture is associated with ; 
tility, no reduced section. [i 
case of tri-axial loading. Ye 
metal of the pipe, tested in t 
in the usual way either bef 
after the disaster, will show nor 
ductility. The trouble is not 
tive metal, but defective c 
tion; the penstock was to 
for its own good Any 
metal can be made to break 
tension test with a coarse cr 
line fracture and without “du 
(necking down) if the metal 
surface of the test piece be 
vented from flowing inward 
Successful production of alloy steel castings depends upon: would normally, between th 
(1) a thorough knowledge of the nature of the alloys used, (2) correct tic limit and the ultimate str 
design, and (3) extreme care in the preparation of molds, regulation How this is done is describ 
of temperatures, pouring, etc. It is a job for experts...men with “know Morwell Genanmer fa Mets 
how”... because, each step must be handled with extreme care. ress, July 1940, page 59. Hi 


For twenty years Cooper has operated one of the largest foundries a round tension test pi 

in the country devoted exclusively to the casting of alloy steels... runs it in a rotating fatigue machi 
stainless steel, monel, nickel, chrome-iron, chrome-nickel and other until a tiny surface crack ex 
special alloys ... for corrosion, heat and abrasion resistance. Today. clear around the specimen 

we are pouring more castings than ever before in our new, com- = eantvel care atti waaiiatied 
pletely modern plant. this specimen is pulled int 


Cooper specialists will be glad to assist you with design problems The metal at the very eds 
and the selection of the best alloy for your application. We'll be glad central core would n 

to send you a new data sheet giving analyses, characteristics and inward, to form the 
applications of Cooper standard alloys. Write for it today. however, it is prevent 


++ 


so by being rigidly at 


THE Osedy ALLOY FOUNDRY WITH All THESE FACILITIES || double arch or hoo) 


i i ing Lustra- metal. The result 
i e Improved cleaning .- - - including 
e Laboratory control over raw materials cast yectsetytic finishing which leaves all cry stalline, brittle fra 
and finished products. surfaces bright. 2 aamenaine Manne 
e Dual foundry... both hand and machine e Castings furnished rough. polished of tal ad : Put 
ioceabiyh ix feet fully machined .. . one ounce to two tons. metal. «.«-. c se, 
. Heat treating of castings up to six ee = ecckeeann special alloys to meet “But you have then 
in size. : unusual requirements. 2 sharp mb pip he 
e Machine shop . .- - specially equipped 


for finishing stainless steel. ¢ Technical consulting service. a sharp crack is a 
or 


To that the reply is 
unwittingly given an 


THE Cooper ALLOY FOUNDRY co. instance of how tr 


8 Ee = 3 Od Ay Be - 3 8 ay 5 ° 1 008) 900) See. PA) Ab 2) .4-) 2d 4 can occur in everyd: 
(Refer to pa 
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enlarge 
normally 
the pipe 
hose KY 
Pressure 
Nchored 
isastroy ° - a var = 
= this war of metals the Commercial Heat Treater’s status is 
pcialist’’. So varied and unpredictable are war’s de- 
hat new heat treating techniques must be devised, new 


10ds adopted, new equipment added. 


d unde 


nS; & 






The result — a growing wealth of knowledge and experience, 
@ store §f new, modern equipment and facilities that will bring 


actual dpllars-and-cents benefits to peacetime manufacture. 








now to adopt these advantages to your production. 
) FE Commercial Heat Treaters are specialists, with the modern 
crysta equipment and facilities, the specialized knowledge that will be 
value in solving many of your production problems. 





be Le . 
i a touch with the nearest one — today! 
the ela 
strenga 
ibed by 
al Prop 
noted CALL THE COMMERCIAL HEAT TREATER NEAREST YOU — TODAY 
ct and 
machi BOSTON NEWARK, N. J. 
extends New England Metallurgical Corporation B-M Heat Treating Co. 
9 ALGER STREET - SOUTH BOSTON 3313 220-222 CLIFFORD ST. - MARKET 3-6400 
leaving N. Y. City - RECTOR 2-2732 
4 Thee CINCINNATI NEW YORK 
tens "he Queen City Steck Treating Company Fred Heinzelman & Sons, Inc. 
» of the ow Sawee AVE, « ee Sie 154 SPRING STREET - WALKER 5-2666 
ly mor CLEVELAND Alfred Heller Heat Treating Co. 
eck The Lakeside Steel Improvement Co. 379-391 PEARL ST. - BEEKMAN 3-4534-5 
5418 LAKESIDE L.- -NDERSON 
2 4 SIDE AVE HENDERSON 9100 PHILADELPHIA 
4 to the Lorenz & Son, Inc. 
- — CLINTON, IND. 1500 N. FRONT ST. - REGENT 7722 EAST 8255 
exterid U. S. Machine Tool Mfg. Corp. 
coarst CLINTON — TELEPHONE 85 Metlab Co. (Metallurgical Labs., Inc.) 
k 1000 E. MERMAID LANE - CHESTNUT HILL 3500 
| \ ode 
tactile C <2 DETROIT a Wiedemann Machine Company 
u ommercial Steel Treating Corporation 1801-31 SEDGLEY AVE. - SAGAMORE 3027 
ay Sa 6100 TIREMAN AVE. - TYLER 6-6086 PARK 2258 
fe , ' Commonwealth Industries PITTSBURGH, PA. 
k 922 COMMONWEALTH AVE. - MADISON 0573 Pittsburgh Commercial Heat Treating Co. 
raise ELIZABETH N. J. 4%h ST. & A.V.R.R. - SCHENLEY 6277 
= ectisihsin When ‘ ; PROVIDENCE 
can Me reatment Compan : 
racticl ELIZABETH 2-2121 wiaed H. C. Schubert 





282 RICHMOND ST. - DEXTER 1731-4245 
MILWAUKEE WORCESTER, MASS. 


Thurner Heat Treating Co. Massachusetts Steel Treating Corp. 
809 W. NATIONAL AVE. - MITCHELL 6360 118 HARDING STREET ~- WORCESTER 37972 






New Products 


and Machinery 


New Degreasing Unit 

A portable degreasing unit 
which includes a pre-dip wash 
and vapor rinse and dry has been 
added to the line of the Phillips 
Mfg. Co. 3419 Touhy Ave., 
Chicago. This small, double-dip, 
manual machine has 
designed particularly for small 
metal parts whose light gage 
makes them unsuitable for han- 
dling in the conventional vapor 
degreaser, because insufficient 
vapor would condense on their 
surfaces to thoroughly rinse off 
oils or waxes. 

The pre-dip 
mended by Phillips consists of a 
kerosene-solvent solution, to 
which is added a very potent wet- 
ting agent. This has the quality 


been 


wash recom- 





of thoroughly emulsifying oils, 
greases and waxes so the solu- 
tion will thoroughly flush them 
off the parts before the latter are 
transferred over into the vapor 
compartment. 


Grease-Squirter 

A new device for automatic 
application of controlled volumes 
of lubricants, ranging from light 
oils to heavy fibred greases, to 
the bearings of conveyor trolley 
wheels is announced by the J. N. 
Fauver Co., Detroit. It is par- 
ticularly handy for conveyors 
which pass through kilns, ovens, 
dryers and other hot zones, where 
proper lubrication is difficult. 


Box-Type Furnace 

New box-type furnace suitable 
for heat treating at continuous 
temperatures up to 2000° F. has 
been added to line built by H. O. 
Swoboda, Inc., Thirteenth St., 
New Brighton, Pa. Chamber 
dimensions range up to 30 in. 
square by 4% ft. deep. Furnace 
is heated by electric resistors and 
is equipped with movable loading 
platform for charging and dis- 
charging, and features a_ push- 
button controlled, motor-operated 
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mechanism for open 
ing the door. 


3 and clos. 


Shear-Hardness 

A_ shear-hardness 
for the Taber Abr 
offered by Taber Instrumey 
Corp., North Tonawanda, X Y. 
which measures the “toughness 
of surface finishes and their abil. 
ity to resist digs, scrapes an 
similar abuse from actual SETVice 
not considered norma! wear. 

In use, a weight slides along 
the calibrated beam until it js 
finally located in the _ positigg 
where the correct load permik 


attachmen 
r is now 


the tool point to cut a groov 
the surface finish without digging 
through to the base plate. Sever 
grooves are made and the mos 
representative selected and meas 
ured by a _ special micrometer 
“Shear hardness” is taken fro 
tabulation, using the experimen 
data (a) load and (b) width 


groove. 


De-Burring Equipment 
“Roto-Finishing 's 4 
method, adaptable for fine pre 
sion work on parts for airpe 
engines, machine gu! ynd many 
other war parts where! | 
or medium-size pa! may ™ 
de-burred, buffed, 
colored, either bet: or aller 
plating. Die marks machin- 
ing marks, rough, s! 


yy smau 
| shed and 


edges 
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& Immersed in the salt bath at 
. ‘ 1550 deg. F. and quenched 
An Ajax-Hultgren furnace is the logical way to harden, because: over a mandril in oil, big 
R es "= ‘ cylinder sleeves shown hold 

|. In hardening, a neutral molten bath “controls the atmosphere” by the simple diameters to .007” at output 
process of eliminating it entirely. A salt film seals out deleterious gases right up to speeds of 120 in 8 hours, us- 
the instant of quenching, hence decarburization, oxidation, or scaling cannot ing the 65 kilowatt Ajax- 
Hultgren furnace illus- 


occur. No other heating medium possesses this valuable characteristic. natal aban. 


2. A salt bath is the fastest heating medium for transferring heat to work. There- 
fore, an Ajax furnace will yield more completed heating cycles per day than any 
radiation or forced convection system. 


3. Heating in an Ajax-Hultgren furnace is uniform at all points, hence distortion 

does not occur. This feature—based upon absolute and automatic temperature 

control—is an inherent characteristic of the furnace, and no other means will pro- MERE apy tHe 
vide such temperature control and uniformity of heating within such narrow PROCES se, Topay 
limits (5 deg. F. or less). CARBURIZING - 


“a , ; SIMUL TanEo, 
4. All forms of hardening in an Ajax-Hultgren furnace may be done selectively, : 
as desired. This feature itself is only a partial demonstration of the great flexi- 
bility of these units as used in industry today. 


It is only logical to find that there are now more than a thousand Ajax-Hultgren 
tectric Salt Bath Furnaces in use* for ... hardening armor plate, armor piercing 
shot, dies . . . aircraft structures, steering gear assemblies, ordnance components, 


gears, high speed steel tools (up to 2400 deg. F.), etc. MARDENING ‘vicy 
STEEY Too.s 


f you have not yet investigated Ajax-Hultgren applications, send at once for ANNEAL; 
Catalog 107-A. It describes manual and mechanized installations, from 35 to 750 BRA? % 
kilowatts in size. inn 


AJAX ELECTRIC COMPANY, INC." "sveimivabeitia, Pa. 


MEATING Fp FoRcing 


*THERE’S AN AJAX-HULTGREN INSTALLATION NEAR YOU 


AJAX frectric SALT BATH FURNACE 


ASSOCIATE AJAX METAL COMPANY, Non-Ferrous ingot Metals and Alloys for Foundry Use 
AJAX OTHERMIC CORPORATION, Ajax-Northrup High Frequency Induction Furnaces 
COMPANIES: Ajax ELECTRIC FURNACE CORPORATION, Ajax-Wyott Induction Furnaces for Melting 
AJAX RING CORPORATION, Ajax-Tamo-Wyatt Aluminum Melting Induction Furnaces 


THE 








New Products 


(Continued from page 962) 
corners, are removed. Roto-Finish 
is available in either the wet or 
dry process, and is manufactured 
by the Sturgis Products Co., 
Sturgis, Mich., and distributed by 
Frederic B. Stevens, Inc. of 
Detroit. 

The wet process is especially 


adaptable for handling heavy 


gage stampings, large or irregu- 
larly shaped parts, or where a 
particularly smooth bright finish 
is required. 

The dry process is better 
suited for brass castings, light 
gage steel and brass stampings, 
and die cast pieces before plating. 
Through an abrasive action of the 
dry finishing compound, surfaces 
are smoothed and given a fairly 
bright finish. 





\g , 


Ss 
I 


DETROIT 


Melting Furnaces 
for Precise 


Metallurgical 
Control 


For close chemical and metallurgical control of any desired fer- 


rous or non-ferrous alloys, the Detroit Rocking Electric Furnace 


with its exclusive, automatic stirring action under non-oxidizing 


conditions simply cannot be beaten. You can run a different mix- 


ture on each subsequent heat or the same alloy all day long with 


remarkable uniformity. Write today for complete facts about this 


fast melting, effi- 


cient. labor sav- 


ing. money mak- 


ing foundry tool. 


ji) 3 T ROI T ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY 


° BAY CITY MICHIGAN 
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Hardening Furnace 

New and larger 
cal furnace for hig 
hardening is anno 
Sentry Co., Foxbor 
insulated, it will att 
perature of 2500° F 


have shown a heating time 
75 min. from room to 2350 
Equipped with Globar heating 
elements, the full muffle chamber 
is made of silicon carbide (ins! 
dimensions, 6x6x40 in 
readily removable 


Silver Brazing 

“Scaiflux 21” is a new * 
alloy brazing flux offered by 
Scaife Company, Oakmont, | 
unusually “ 


eloped 


having 
tension. 
Scaife through its Me! 
fellowship for its own arme 
brazing operations, and 1s 
available to industry. It 's § 
to cut costs, simplify »razite 
is adapted for brazi: 
non-fe 


It was d 
yn Institut 


ny type 
ferrous or 
Available in both p 


form. (Continue 





su! , 


ONDS 


TOOL, HEAT-RESISTING, 
HIGH NICKEL ALLOY 
AND SPECIAL STEELS 


MAGNET STEELS—ROLLED AND CAST 





WRITE FOR 
MAGNET STEEL BOOKLET 


SIMONDS SAW & STEEL CO., LOCKPORT, N.Y. 


of 
~ POWDERED METAL PARTS 


w NOW ACCURATELY PRODUCED 
= ON THE NEW 


, Kux 


~~? 


POWDERED METAL PRESSES 


Comecerety new patented de- 
sign features now permit the 


MODEL 74 


WRITE TO DEPT. MP for 
Cotaleg © onstration manufacture of odd shapes of parts 
with complicated, cored holes, pro- 


ruding and various sectional thicknesses to micrometer 


curacy formed pieces are made at speeds of up to 25 


vie with uniform structural density throughout. 
tomatic in operation and applying up te 50 tons 
Model No. 74 will produce parts up to 5” max- 
rand has a powder cell, or die fill of 5". 


Pieces 
Complet: 
tetel pre 


mum d 


CHICAGO, ILL. 


June, 1943; 


FLEXIBLE in Range... 
RIGID in Quality! 


* Wirico THermMomertAts (thermostatic bimetals) have the flexi 


bility 
quirement 
which has continued unbroken for more than a quarter of a century. 


to meet any temperature contrel or electrical resistance re 


and the quality to maintain a tradition of excellence, 


* Now functioning in conjunction with 


WiLco Electrical 
America win the the sea and the 
through their matchless performance in Oi! Te 
and dependable 


separately, now 
Contacts, WiLco 
of the air, 


operating 
[HERMOMETALS are helping 


wal land —helping 
I £ 


mperature control, 


compensation in voltage regulators, action in many 


precision instruments 


Electrical Contact Points are setting 
raft MAGNETOS. Other Wico 


and ship applications—other 


a Moreover, Witco 
HIGH standards 
Electrical Contacts are 
Witco THERMOMETALS 


Navy. 


\eralloy 
ot service In aire 
in tank, gun 
and 


in various instruments for the Army 


*® A Sincie Source or Suppry. Witco facilities permit manufa 


turing customers to secure both electrical contacts and thermostati 


bimetal from a single source. This is important, for materials from 


groups are frequently used in conjunction, as parts in the 


same device. The most effective use of 
of the other. Witco sales 
miliar with both Electrical Contact and THERMO METAI appli ation 


Send us your problems for analysis. 


these two 
one necessitates a knowledge 
rineering 


ind eng representatives are ta 


Silver, Platinum, Tungst« 
Metal—High and Low Ts 

24 to 530 ohms per sq 
For 


Invar, 


Wico Contacts 
Alloys, 


perature 


Propucts Are: 
Powder Metal. 
with Electrical Resistance 
Metal Collector Rings 
Copper, 


Thermostatic 
from 
mil,-ft. Precious rotating controls 


Jacketed W ire 


tions requested. 


Silver on Steel. or other combina 


A. Witson ComMPANY 
Newark, N. J. 


Chicago *® Detroit 


Tue H. 
105 Chestnut St., 


Branches: 
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New Products 


(Continued from page 964) 
Improved Chilling Machine 

New, improved “Deepfreeze 
Cascade” industrial chilling 
machine with many new features 
and refinements has widespread 
uses for shrinking, treating, and 
testing of metals. Machine has 
been designed with extra chilling 
capacity for high production of 


any part where large quantities 
of heat must be removed rapidly. 

Features include a_ tempera- 
ture controlling device for accu- 
rate temperature control at any 
point from atmosphere to —120° 
F.; a table top for convenience 
and safety; and a new system of 
three compressors and three 
motors which develops maximum 
thermal efficiency and eliminates 
necessity for water connections 
and drains. 











| 
We ; 7 
: J ahs 


iba 


provide, on high priority orders, 
industrial immersion heating 


{with gas) for soft metal casting 


and for lead and salt bath hardening 


and annealing. Exclusive Kemp gas- 


air premixing guarantees high speed 


production, fuel saving, automatic, 


accurate temperature control. 


For details address The C. M. Kemp 


Mig. Co., 405 East Oliver Street, 


Baltimore, Md. 
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One important 
this machine is th hrinking o 
metal at —100 to —_19 p to 
permit assembly of sleeve bear. 
ings and ball or roller races 
otherwise requiring a press-fit 
After chilling the larger part, it is 
merely slipped into positio, 
Another equally important ys is 
the treatment of stee! to produce 
uniform hardness and stress 
relief. Further information may 
be had from the Deepfreeze Diy 
Motor Products Corp., 2301 Davis 
St., North Chicago, II). 


plication o 


Dust Collector 

Dust collector for use by proc. 
essors of magnesium is announced 
by Industrial Equipment Corp, 
Detroit. Units are either of th 
booth type or individual colle. 
tors for grinding stands. Dus. 
laden air is drawn through an 
orifice meeting a violent spray 


of water, where the dust is wale! 
whirled out of the air ane 
knocked down into a sludge ta 
below. 


Air-Operated Controller 

New air-operated automa’ 
control instrument, know! ® 
Convertible Free-Vane Controllet 
has just been announced by ™ 
Bristol Co., Waterbury, “™ 
New instrument is mace for au! 
matically controlling 
(up to 3600° F.) flow, quie * © 
pressure, draft hu lity, P 
value, and time prog 


nperatur 










412 TEMPERATURE 
FANS 


Designed for MAHR-built Furnaces 
. .« » Now Available for All! 


Do you have fan trouble? Do rotors burn out at high 
temperatures? Do you have excessive service and re- 
placement costs? Here's a fan that will give you quick 
and permanent relief. Designed by our own engineers 
as standard equipment on MAHR Furnaces and Ovens 
— designed for temperature work specifically — thor- 
oughly tested and proven—now offered to you as the 
most modern and satisfactory fan available today. 


vA 


enGINEERE DESIGNERS » MANUFACTURERS 
all EQUIPMENT FOR METAL HEATING 
















Y proc. 
ounced 
Corp, 
of the 
collec. 

Dust- 
igh an 
Spray 





A ROTOR THAT WON'T 
BURN UP 





LOOK AT THESE FEATURES! 


@ A FAN EASILY RE-ASSEMBLED FOR 16 STAND. 
ARD DISCHARGE POSITIONS. Any one of 8 
cw. and 8 c.c.w. positions can be easily and 
quickly obtained without cutting, welding or re- 
building. That's real flexibility. 


ACCESSIBILITY THAT SAVES PRECIOUS TIME 
—Note picture in panel showing how—by loosen- 
ing a few bolts—the rotor, shaft, bearings and 
mounting can be pulled out as a unit for inspec- 
tion or servicing. 


This MAHR-designed 
6-blade rotor just re 
fuses to quit—no con- 
dition we have yet 
found up to 1500° F. 
disturbs it a particle. 























@ BEARINGS THAT CAN REALLY TAKE IT—All 
MAHR High Temperature Fans (800° to 1500° F.) Ask for BULLETIN 1070 on 
have the latest seli-aligning, ring-ciled, water- 
cooled, precision type sleeve bearings. Auxiliary MAHR Temperature Fans 
cooling device helps dissipate heat load on the 
bearings. If you do low temperature work under 
@ RATED OUTPUT DELIVERED AT RELATIVELY 600° F. or high temperature work 600° to 
LOW SPEEDS—This reduces bearing wear. min- 1500° F., you will benefit by investigating 
imizes stresses and strains, prolongs life of fan. MAHR Fans for replacements or initial in- 
® 10 SIZES—800 TO 40,000 C.F.M.—It’s impossible etelietions. 
here to tell all the important features of MAHR 
Temperature Fans—but they have fully satisfied 
our own exacting requirements and our bulletin 
will give the facts. hr el ‘ER’ 7 
THERE’S A MAHR FURNACE For 
SALES REPRESENTATIVES IN EVERY HEAT TREATING NEED 
val PRINCIPAL CITIES Annealing Furnace Types: Osher MAHR 
« Carburizing Car Bott iquipment: 
. Any MAHR Sales Engineer will be glad to Baking Pit _ Rivet Forges 
Sve you full information about MAHR Hardening Pusher Torches 
oller Temperature Fans or any other MAHR Forging | ha ay 
the Products. Tell him your problems or write Beawtng Pot Valves 
a us, Stress Relief Rotary Smithing Forges 











a 


ra MAHR MANUFACTURING CO. 


= DIVISION OF DIAMOND IRON WORKS, INC. 
1700 North Second Street Minneapolis, Minnesota, U. S. A. 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





METAL WORKING e FABRI- 

CATION 

Powdered metal presses producing 
millions of metal parts illustrated in 
catalog by Kux Machine Co. Bulle- 
tin Eg-500. 

Rubberized fabric industrial gloves 
resistant to oil, grease and petreleum 
solvents as well as acids are de- 
scribed in leaflet by Edmont Mfg. Co. 
Bulletin Eg-506. 

Forging presses. 
Bulletin Ff-105. 

Horizontal extrusion presses. 
Hydropress, Inc. Bulletin Ff-394. 

36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin Ff-132. 

Cutting Oils. Cities Service Oil Co. 
Bulletin Ec-113. 

Cutting Oil Handbook. D. A. Stuart 
Oil Co. Bulletin Ke-118. 

Presses for Powder 
F. J. Stokes Machine Co. 
Af-335. 

Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin Ef-360. 

Illustrated data information on cut- 
ting oils and their correct use in 
machining operations. National 
Refining Co. Bulletin Cg-479. 

“Dag” colloidal graphite as a high 
temperature lubricant is described 
by Acheson Colloids Corp. Bulletin 
Fg-465. 

Information and 
straightening press 
Anderson Bros. Mfg. 
Dg-491. 


Ajax Mfg. Co. 


Metallurgy. 
Bulletin 


data on new 
is offered by 
Co. Bulletin 


Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin Ef-170. 

Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin Kf-230. 

Properties, applications and use of 
hard-facing rods are described by 
Coast Metals, Inc. Bulletin Fg-361. 

Surface coated abrasive belts. Min- 
nesota Mining & Mfg. Co. Bulletin 
Ag-470. 

Grinding and polishing with abra- 
sive belts). Hammond Machinery 
Builders, Inc. Bulletin Cg-363. 

Handbook on aircraft riveting 
operations. Cherry Rivet Company. 
Bulletin Dg-486. 

Stampings with 
press. Di Machine 
Dg-490. 

Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 
Kf-433. 

“Hyper-milling”’, a radical innova- 
tion in face-milling of steel. Firth- 
Sterling Steel Co. Bulletin Lf-177. 

Big, comprehensive data book de- 
scribes specialized oils and shows 
uses for hydraulic oils in metal work- 
ing. Warren Refining & Chemical Co. 
Bulletin Eg-454. 

265-page textbook covers tech- 
niques used in contour machining, 
laboratory controls in manufacture 
of precision saw bands. Doall Serv- 
ice Co. Bulletin Eg-297. 

Precision grinding wheel. 
can Emery Wheel Works. 
Eg-501. 


Hi-Speed 
Bulletin 


new 
Corp. 


Ameri- 
Bulletin 


Brazing of cements 
Carboloy Co. Bulleti 

Cutting Fluids. Pa 
letin Eg-496. 

Presses for the met working 
process industries. H) draulie } 
Mfg. Co. Bulletin Eg-475, ; 

Multi-wash dust 
aluminum-magnesium 
plants. Claude B. 
Bulletin Eg-161. 

New catalog illustrates stands 
non-standard, and special tos 
shows prices of tools and blab 
McKenna Metals Co. Bulletin p 
238. 

Abrasive belt polishing maching 
Divine Brothers Co. Bulletin Ky 

Abrasive cloth gadgets. Bebr-Mp. 
ning Corp. Bulletin Nf-467, 

Advantages and physical char. 
teristics of “No-Wear”, a hard-fac 
material, are described in new by 
letin by Callite Tungsten Corp. By 
letin Fg-327. 


FERROUS METALS 

New war time edition of t& 
machinery steel selector has ig 
been issued by the Elastuf grog 
which includes Horace T. Poti 
Brown Wales and Beals, McCarthy § 
Rogers. Bulletin Fg-264. 

Aircraft steels, bearing steel 
Rotary Electric Steel Co. Bullets 
Kf-429. 

Steels. Boker & Co. Bulletin KM 

Steel Data Sheets. Wheelock, Low 
joy & Co. Bulletin Ox-74. 

Molybdenum wrought sleek 
Molybdenum Corp. of America. Bu 
letin Nf-312. 


‘arbide 4 
Eg-278, 
Oil Co, 


llectors 
etal wo 
Schneible 





Use Handy Coupon Below 
for Ordering Helpful Literature. 
Other Manufacturers’ Literature 
Listed on Pages 972, 974, 976, 978, 980, ® 
984, 986 and 988. 








Metal Progress 7301 Euclid Ave., Cleveland 
Send me the literature I have indicated below. 


Company 


Page 970— 
Ef-170 
Kf-230 
Ff-361 
Ag-470 
Cg-363 
Dg-486 
Dg-490 
Kf-433 
Lf-177 
Eg-454 
Eg-297 = Ox-74 
Eg-501 Nf-312 

Page 980——_____ 
Lf-463 Cg-226 
Lf-443 Cg-11 
Ff-286 Kf-444 
Fr-155 Kf-446 
Dt-60 Kf-439 
Df-360 Kf-447 
Ef-379 Ce-219 
Ke-34 Dg-487 
Ne-15 Dg-214 
Dg-138 Dg-234 
Dg-ih Dg-55 
Cg-484 Ke-2hi 





Eg-278 
Eg-496 
Eg-475 
Eg-161 
Fg-238 
Kf-4s4 
Nf-467 
Fg-327 
Fg-264 
Kf-429 
Kf-450 


Eg-45 
Hf-8a 
Kd-85 
Cd-255 
Ce-76 
Ld-208 
Ld-295 
Kd-229 
Hb-4 
Cf-311 
Df-92 
Bg-293 
Nf-169 
Eg-106 
Fg-436 
Fg-508 


Eg-500 
Eg-506 
Fr-105 
Ff-394 

Ff-132 

Ec-113 
Ke-118 
Af-335 
Ef-360 

Cg-479 
Fg-165 
Dg-491 


Ne-114 
Be-30 
Gd-2 
Dg-38 
Cfr-24 
Be-82 
Nf-305 
Bb-187 
Nf-141 
Ke-260 


Ff-321 
Br-183 
Eg-445 
Hf-49 
Lb-25 
Lf-55 
Lf-461 
Cf-367 
If-413 
Lf-145 
1.f-227 
Lf-44 


Page 982 


Address 


(Students—please write direct to mannfacturers.) 


Check or circle the numbers referring to literature @escribed on 
Page 972——————_. 


Page 974 
Fg-47 
Bg-110 
Fg-87 
Bg-46 
Ff-395 
If-401 
Ff-320 
He-6 
Bf-345 
Af-198 


Eg-69 
Nf-470 
Fg-301 
Fg-514 
Eg-67 
Fg-500 
Eg-134 
Fg-471 
Fg-303 
Eg-348 
Eg-503 
Eg-259 Ef-21 
Fg-384 Kf -206 
Page 984 
Hf-189 Kf-426 
Ne-329 Nb-212 
Fg-240 Ef-381 
Bf-352 Dg-112 
Ff-193 Df-376 
Lf-111 Ff-396 
Eg-296 Bg-195 
Hf-68 Ga-90 
Hd-29 Fg-509 
Kf-457 Bf-124 
Ne-234 Ka-13 
Ge-1438 Br-16 
Gf-256 Bf-357 
Kf-456 Kf-451 


Af-337 
Kf-437 
Eg-126 
Kf-455 
Kd-89 
De-307 
Kf-421 
Df-371 
if-415 
Bg-239 
Gf-67 
Ee-215 
Nf-163 
Cg-481 
Cg-482 
Cg-478 


Cg-483 
Dg-134 
Ag-331 
Ne-86 
Ff-393 
Ld-191 
Ge-63 
Lf-60 
Kf-425 
Af-331 
Ag-134 
Cg-220 
Cg-i4 
Gf-248 
Dg-485 
Dg-171 


Ef-218 
Df-100 
Nf-192 
Ag-469 
Dg-4938 
Bg-472 
Eg-505 
Eg-504 
Fg-356 


Hb-81 
Cf-70 
Nf-181 
Ag-448 
Ce-75 
Eg-221 
Eg-4197 
Ie-88 
Ld-57 
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these 10 paves. 
——Page 976——. 
Hb-180 Dg-330 


Df-377 Ce-35 
Cf-157 Lf-7 
Kf-458 Cf-368 
Kd-288 Ke-135 
Ke-37 Cf-22 
Eg-399 


Page 978— 
Ef-3238 Fg-13! 
Kf-388 Fe-5! 


Ag-310 Fg-15 


Nf-53 
Nf-3 
Ag-166 


Eg-46 

Ef-319 
Dg-213 Ef-386 

Page 986——. 

Db-18 Eg-232 
Hd-271 Eg-174 
Dg-489 Kf-430 
Dg-467 Ce-269 
Eg-477 Bf-233 
Eg-502 = Fg-108 
Eg-20 Fg-175 
Eg-199 Cg-473 
Eg-441 Fg-19 





H AR D ee ee oe WE a Ss 


ey RES/STS SEVERE WEA 


s) : 


\\_. DIESEL ENGINE VALVES 


@ Diesel engine valves, in locomotive service, must take 
a lot of punishment. Roadbed cinders and dust caused 
these valves to fail in service, wearing down rapidly and 

losing compression. To salvage the valves already on 
hand an undercut was made as shown in the illustration 
on the left. 


COLMONOY No. 4 was applied in the undercut by 
oxy-acetylene welding, and subsequently machined 
and ground. Due to the low temperature at which 

the application was made there was absolutely no 
distortion in the valves. 
Service records show that the great abrasion 
resistance of COLMONOY completely solved 
the problem of wear. 


There is a grade of COLMONOY for every hard 
facing need. If you have a wear problem, COl- 
MONOY engineers will be glad to make recommen- 


dations and suggest preper methods of application. 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





New corrosion data work sheet 
acts as check list to insure considera- 
tion and evaluation of all factors in- 
fluencing corrosive action. Inter- 
national Nickel Co. Bulletin Eg-45. 

Enduro stainless steels. Republic 
Steel Corp. Bulletin Hf-8a. 

Hard Facing Alloys. Wall-Colmonoy 
Corp. Bulletin Kd-85. 

Free Machining Steels. 
Steel Co. Bulletin Cd-255. 

Tool Steels. Bethlehem Steel Co. 
Bulletin Ce-76. 

Die Steels. Latrobe Electric Steel 
Co. Bulletin Ld-208. 


Enameling iron sheets. 
Steel Co. Bulletin Ld-295. 

NAX high tensile low alloy steels. 
Great Lakes Steel Corp. Bulletin Kd- 
229. 

Loose-leaf reference book on mo- 
lybdenum steels. Climax Molybde- 
num Co. Bulletin Hb-4. 


Four Coppco tool steels. Copper- 
weld Steel Co. Bulletin Cf-311. 

Stainless steel. Allegheny Ludlum 
Steel Corp. Bulletin Df-92. 

New process embodying both 
chemical and temperature controls 
for production of low carbon open 
hearth case carburizing steel is de- 
scribed in bulletin b . J. Holliday 
& Co. Bulletin Bg-293. 

Shop notes on the machining of 
stainless steels. Rustless Iron & Steel 
Corp. Bulletin Nf-169. 

Aircraft Alloy Steels. Joseph T. 
Ryerson & Son, Inc. Bulletin Eg-106. 


Monarch 


Inland 


NON-FERROUS METALS 


Reynolds Metals Co. has issued two 
color charts showing marking for 
identification of wrought aluminum 
alloy products, rod, bar, tubing and 
shapes, and for aluminum alloy 
sheet. Bulletin Fg-436. 

Heat treatment of aluminum 
bronzes is one of the articles in leaf- 
let issued by H. Kramer & Co. Bulle- 
tin Fg-508. 

Platinum Metal Catalysts. 
Co., Inc. Bulletin Af-337. 


Baker & 


Die casting equipment.  Lester- 
Phoenix, Inc. Bulletin Kf-437. 

Handy & Harman has issued a re- 
vised edition of their general catalog 
on Sil-Fos and Easy-Flo brazing 
alloys. Bulletin Eg-126. 

Bronze. Frontier Bronze 
Bulletin Kf-455. 

Copper Alloys. American Brass Co. 
Bulletin Kd-89. 

Aluminum Castings. 
Bronze & Aluminum Foundry 
Bulletin De-307. 

Cerrosafe, a low temperature melt- 
ing metal, used to accurately proof- 
cast cavities. Cerro de Pasco Cop- 
per Corp. Bulletin Kf-421. 

Brass and bronze castings. Ham- 
mond Brass Works. Bulletin Df-371. 

Reference on properties of lead. 
St. Joseph Lead Co. Bulletin If-415. 

6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin Bg-239. 

Catalog of brass, bronze and iron 
alloys. Cramp Brass and Iron Foun- 
dries Div., Baldwin Locomotive 
Works. Bulletin Gf-67. 

Dowmetal data book. 
cal Co. Bulletin Ec-215. 

80-page Duronze Manual, well in- 
dexed for reference, presents data 
on high strength silicon bronzes. 
Bridgeport Brass Co. Bulletin Nf- 


Corp. 


National 
Co. 


Dow Chemi- 


Forgeable tin-free bearing metal. 
Mueller Brass Co. Bulletin Cg-481. 

Surface protection for magnesium. 
American Magnesium Corp. Bulletin 
Cg-482. 

Standard specifications for all 
grades of aluminum alloys (casting 
grades only). Federated Metals Div., 
American Smelting and Refining Co. 
Bulletin Cg-478. 

Rare metals, alloys and ores. 
Mineral Co. Bulletin Cg-483. 

Everyone joining nonferrous met- 
als needs the new 12-page Westing- 
house Brazing Booklet, crammed 
with timely ideas for saving man- 
hours and critical materials. West- 
inghouse Elec. & Mfg. Co. Bulletin 
Dg-134. 


Foote 


“Sureweld” protec 
trodes. Hollup Corp 
National Cylinder Gas 
Ag-331. 

Welding Stainless. 

Wire Div., American ( 
Co., Inc. Bulletin Ne-8 

Chart explains how t 
flux for every welding 
erg # job. Krembs 
letin Ff-393. 

Electrode quantity 
time graph. Arcos Co 
Ld-191. 

Oxy-acetylene welding and cut, 
oes Air Products Co. Bulletin % 

Arc welding accessories availa 
through General Electric Co. » 
illustrated in new Bulletin Lf-69. 

Sciaky radial portable welder, sa 
aky Brothers. Bulletin Kf-425, 

Two-stage “Regolator” for prody. 
ing a non-fluctuating welding flam 
National Cylinder Gas Co. Bullets 
Af-331. 

Speed is increased 20 to %% 
and power costs cut one-third wi 
the Flexarc A-C welders describe 
in new booklet by Westinghouw 
Electric & Mfg. Co. Bulletin Ag-iti 

Data book facts on spot, seam ai 
flash welding ferrous and non-le. 
rous metals and alloys. P. R. Md 
lory & Co., Inc. Bulletin Cg-220. 

Welding and brazing of aluminu, 
a new data book issued by Alum 
num Co. of America. Bulletin Ce-k 

Shield Arc electrodes. McKay ¢ 
Bulletin Gf-248. 


Silver Red electrodes for cuttix 
tools and Silver Green electrodes fe 
chisel steels are described in ds 
sheets just added to the catalog ¢ 
arc welding equipment issued ) 
American Agile Corp. Bulletin Ds 
485. 

Modern goal in equipment desig 
and welding technique is outlined 
in bulletin “New Advances in An 
Welding Equipment Design’ » 
Harnischfeger Corp. Bulletin Dg-! 
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-+» WHERE YOU NEED LIGHT COLOR 
AND GOOD CUTTING QUALITY... 


LTHOUGH it is scientifically recognized that “dark color” 
sulphurized cutting oils are superior to “light color” oils 


for the tougher metal cutting operations, 


there are some 


classes of machining for which transparent cutting fluids may 


be used with satisfactory performance. 
the leading example of 
sulphurized cutting oil, offers many unique and exclusive 
Order a trial drum and be convinced. 


™ Stuart ou A, wre 


i Engineering advantages. 


Stuart’s “SUPER- 


“light color” transparent 


For All Cutting Fluid Problems 
D. A. STUART OIL CO. Warehouses in Principal 


Chicago, U.S.A. « 


Limited e 
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és > tuarts 
SUPER-Koor" 


America’ s First 


arent Sulphurized 
Cutting Oil & 


Est. 1865 Metal Working Centers 














mm Of 
| Vision Fi € a 


e Sted 
i NEEDLESS HEAT 
cc IN YOUR HEAT TREAT 


Co. DEPARTMENT THIS SUMMER 


+ Welding 
NON BURNING 


1d Cutting 
illetin (& 
Availabe 
Co. an 


Lf-60. 


“| CARBURIZERS 


r produ. 





WILL NOT BURN EVEN 
WHEN DISCHARGED 
DIRECTLY INTO THE AIR 


IN DIRECT QUENCH OR ROTARY PRACTISE 
* 


CHAR PRODUCTS COMPAN 


MERCHANTS BANK BUILDING NDIANAPOLIS 

















COLUMBIA 
“ft MOTOR-GENERATORS 


for Electro-Plating and 
other Electrolytic Processes 





ure 
980, 


| 





Columbia generators embody every feature essentia! 
to dependable, 24-hour operation. They are built for 
elect opiating service in sizes of 6 to 20 volts, 500 to 
20,000 amperes, for anodic treatment of aluminum in 
Sizes of 40, 50 and 60 volts, 500 to 3,000 amperes. 

Slumbie generators for other electrolytic processes 
nange | - & to 250 KW, 100 to 40,000 amperes, 6 
V volts. 









to 6 
Prompt shipment can be made on any type and size. 
hat sre your requirements? 
COLUMBIA ELECTRIC MFG. CO. 
451 milton Ave. Cleveland, Ohio 


ee 





























THE DIAMOND BLOCK METHOD 


FOR HARDENING HIGH SPEED 


{ SCALE, CARBURIZATION 
( OR DECARBURIZATION 


A correct atmosphere, which is absolutely constant and 
requires no regulation or adjustment, is generated by the 
Diamond Block. There is no variation from “heat to 
heat” or “day to day”, and a uniformly fine product is 
assured. 

Tools retain their initial clean-cut edges and have 
maximum hardness and excellent grain structure. 

Many sizes of 
work can be done in 
three different fur- 
naces from a bench 
type to a real pro- 
duction job. 


Write us today. 


AMERICAN 
GAS FURNACE 
CO. 
ELIZABETH, N. J. 









without 














ARTICULARLY designed and equipped for high- 
quality melting and refining of ferrous materials by 
either basic or acid process—including alloy, tool and forging 
steels, iron and steel castings. Any capacity from ; ton to 
100 tons; removable roof, chute, machine or hand charging 


AMERICAN BRIDGE COMPANY 


General Offices: Pittsburgh, Pa 
Offices in the larger cities 
RSI) column Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Export Company, New Y ork 


UNITED STATES STEEL 
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Clinometer, a new 
7 - , 7 angle gage adapted 
W HA T S NEW room use, described ij 
: L Engis Equipment Co. 

btn. _ , ss Be i b Just out is West; 
IN MANUFACTURERS’ LITERATURE book containing a w 
cal, usable informatix 
inspection by x-ray. 


New color chart shows correct Nu-Braze No. 4, an improved silver Electric & Mfg. Co. Bul 
oxyacetylene flame adjustment. Air brazing alloy for use with ferrous New fixtures and a CSSOPieS to a, 
Reduction Co. Bulletin Eg-69. and nonferrous metals is described —s oe of X-ray quar 
hie Ss ‘ ‘+ Co. Bulletin Fe-514. analysis apparatus are deceri 

Precision welder. Hercules by Sherman & Co. Bulletin Fg-5 Philips Metalix Corp. B lletin Ferg? 
Electric & Mfg. Co., Inc. Bulletin gpeyang @ CONTROL siNem, Mlustrated booklet dest 
- ; , . : . : > - Sav etallurgical po 

Improved method for welding cast SR-4 strain gage and illustrations equipment by Tracy ¢ ‘ioe 
iron is described by Eutectic Weld- of its many uses. Baldwin South-  |etin Fg-303. ° - Bib 
ing Alloys Co. Bulletin Fg-301. wark. Bulletin Eg-67. New Pisher X-Ray accessors , 
supply catalog illustrates many Xe 
cessories employed in industri 


Tl 7 is SHORT / radiography. Bulletin Eg-348. 

ae : Radiographic identification of neg 
atives with lead markers is described 
in leaflet by H. W. Knight & Son. In. 


S Bulletin Eg-503. 7 
Electric heaters and controls te 
industrial and laboratory. Americs 

Instrument Co. Bulletin Eg-259 
12-page catalog describes electric 
motor valve operators as applied & 
standard temperature contra 
systems for fuel-fired furnaces. Auto 
matic Temperature Control Co. By. 

letin Fg-384. 

Carbon - Meter for rapidly dete 
mining carbon at the furnace is é& 
scribed in booklet by E. Leitz, Ine 
Bulletin Fg-47. 

Wheelco Instruments Co. has jw 
issued five new bulletins describing 
its complete line of industrial indi. 
cating, recording and control ther 
mometers. Bulletin Bg-110. 

8-page bulletin describes line d 
new convertible free-vane ai 
operated controllers. Bristol | 
Bulletin Fg-87. 

New 29-page catalog — Microma 
Electric Control — has just been 
sued by Leeds & Northrup Co. Bu 
letin Bg-46. 

“Kodak Products for Industria 
Radiography”. Eastman Kodak & 
Bulletin Ff-395. 

Inspection of non-magnetic metas 
with the new Zyglo method. Magi 
flux Corp. Bulletin If-401. 

Industrial radiography with ™ 
dium. Canadian Radium & Uranus 
Corp. Bulletin Ff-320. 

X-Ray Diffraction Unit. Genere 
Electric X-ray Corp. Bulletin He+ 

Radium for industrial radiography 
Radium Chemical Co., Inc. Bullet 
Bf-345. 

Film and plate processing equ 
ment for spectro analysis. Harr) 
Dietert Co. Bulletin Af-198. 

Potentiometer temperature indice 
Fuel oil and gas must be replaced now with pulverized tors. Foxboro Co. Bulletin Ef-21. 

Gage blocks, comparators, ated 
tors. George Scherr 0. Bullets 
record rate. e AMCO is prepared to furnish complete Kf-206. 


Pulverized Fuel Systems for all types of furnaces in the — 














coal, if operations are to continue at their present 
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HYDRAULIC 
EQUIPMENT 


@ Precipitation of gum and sludge, with stick- 

ing valves and clogged orifices, open the way 

for the gremlins of wear, damage ar. delay. 

En-Ar-Co White Rose Oils, characterizea by 

unsurpassed oxidation stability under critical 
~) service, withstand the destructive effects of 
3 


\ 
AY To high pressures, heat, moisture, and the catalyz- 
4 S\ ing effects of metal particles. 
«ling? | eZ aD: 
p< SSG For longer service life under today’s working 
- Who \\ bys? conditions En-Ar-Co White Rose Oils are 
K\ specified with complete confidence. 
< National Refining Company engineers will be 
glad to work with you in increasing the serv- 
ice and satisfaction of your hydraulic ma- 
chinery. Write today. 





Cleveland - Indianapolis - Chicago - Peoria - Omaha - Kansas City - Memphis 
East of Ohio... The Globe Refining Company, Cleveland, Ohio 


& 
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REASON FOR 
CONFIDENCE 


HIS is a war of fire power. Regardless 

of the courage of our armed forces, 
regardless of the inspired leadership of our 
generals and their strategists—our armies 
must have superior fire power to win. 


Pangborn Corporation, in company with the 

* front line of American industry, recently won 
the Army-Navy “E” pennant for excellence 
in war production. This citation came be- 
cause Pangborn ROTOBLAST Barrels, Tables 
and Special Cabinets—Pangborn AIR BLAST 
Rooms and Special Machines are removing 
scale and dirt from hundreds of thousands 
of castings, forgings, stampings, heat treated 
and other metal parts daily to help SPEED 
UP the fire power that is so badly needed 
NOW. 


Pangborn men and management can, and 
WILL, do more. If you have a blast cleaning 
or dust control problem—"come to Pang- 
born.” The recent citation—proudest in our 
39 years of progress—plus the efficiency 
and performance built into every Pangborn 
machine—give irrefutable reason for your 
complete confidence, 


PANGBORN 


WORLD'S LARGEST MANUFACTURERS OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 


PANGBORN CORPORATION + + HAGERSTOWN, MD. 
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WHAT’S NEW 


IN MANUFACTURERS’ | ITERATyy 
I 
Pyrometer Controller IMinois Tex 
ing Laboratories, Inc. bulletin me 
180. i. 
Portable Brinell hardness tester », 
folding Brinell microscope. Aniney 
King. Bulletin Df-377 fy 
Universal testing machines 
typical uses. Riehle Testing Machin, 
Div., American Machine and Yeu) 
Inc. Bulletin Cf-157. 3 


Slomin high speed  electroiy, 
analyzers and other al 
laboratory equipment 
& Co. Bulletin Kf-458. 


Surface Analyzer. Brush Develo 
ment Company. Bulletin Kd-289 

Micro-Optical Pyrometers. Pyro, 
eter Instrument Co. Bulletin Ke.27 

X-Ray metallurgical! laborate 
service. Claud S. Gordon Co. | 
tin Nf-53. 

64-page booklet on the precis 
control of industrial process 
Brown Instrument Co. Bulletin Ni. 

Dillon tensile tester and the Dillo 
dynamometer are described ar 
lustrated in new leaflet issued }y 
W. C. Dillon & Co. Bulletin Ag-46 

An innovation in the manual 
ods of gas analysis known as (al 
ysis is described in leaflet by Bur 
Technical Supply Co. Bulletin Dg-2 

Catalog and engineering data bok 
on industrial thermocouples. Ark 
S. Richards Co. Bulletin Dg-33 

Optical Aids. Bausch & Lomb Opi 
cal Co. Bulletin Ce-35. 

Coleman universal spectrophot 
eter. Wilkens-Anderson Co. | 
tin Lf-7. 

Metallographic polishing powde 
Conrad Wolff. Bulletin Cf-368. 


Metallurgical Equipment. Adolp 
I. Buehler. Bulletin Ke-135. 

Hardness testing equipment. \ 
son Mechanical Instrument Co. 
Bulletin Cf-22. 


HEATING © HEAT TREAT 
MENT 


36-page catalog illustrates 
Hold line of thermal, sub-zer 
stratosphere processing and tes 
machines. Kold-Hold Mfg. ‘ 
tin Eg-399. 

Homo method for nitriding }s 
scribed and illustrated in_new 
page catalog by Leeds ¢ Nort! 
Bulletin Eg-46. 

Lithco, the chemically-neutra! 
treating process, and Lithcarb oe 
process for fast, bright gas-carbu' ! 
ing. Lithium Corp. Bulletin Ef! 

Internally heated salt bath jurnace 
and pots. Upton Electric Fur 
Div. Bulletin Ef-386. 





TT 
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Plus 


Write 7 
D202 ill; 


the Whe, 


ontinuous Accurate 


Temperature Reading... 





1Y for Free Bulletin 
ting and fully describing 
LIMITROL. 


AUTOMATIC SHUT-OFF SAFETY 


The Wheelco LIMITROL can more than pay for itself in one operating cycle 
thru the elimination of material waste and the conservation of vital man-hours. 


LIMITROLS protect against overheating by effecting furnace shut-off (1) if 
furnace temperature rises above the selected point set on the indicator scale, 
(2) whenever thermocouple break occurs, or (3) upon the failure of controls, 
switching or electrical apparatus. They may be used alone or in conjunction 
with other controllers. 


The Wheelco LIMITROL is essentially a high resistance pyrometer incorporat- 
ing an electrically operated, automatic shut-off device. Also provided are 
such plus features as extreme accuracy of temperature measurement, plus— 
interchangeability of all component parts, plus—interchangeability of scale 
ranges, plus ready accessibility of all parts for individual checking, plus— 
the advantage of locking setting devices within the instrument case as pre- 
caution against sabotage. 


Available in wall or flush mount models. Scale ranges from 0°F. to 3600° F.. 
or equivalent °C. 


Wheeles Instruments Go. 


835 W. HARRISON STREET... CHICAGO, ILLINOIS 


O+izinator of "Electronic Principle” Temperature Controls 


SE | 
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CLEAN! 


Has replaced many high-operating 


RECOVERS ALL METAL 99%% 


y plant 


Write to our ENGINEERING- 


Frequently repays its cost within 
SERVICE DEPT. for complete data and costs 
on your own metal reclaiming requirements. 


one year. Furnished in 4 sizes to fit an 


pound. 
cost mills. 
operation. 


g Mill is de- 
Its heavy man- 
and pulverize 
nders, slag, 
gs, and re- 
recover all metal 
g at lowest cost per 


Reclaimin 
job. 
Ss crush 
sweepin 


, 


non-ferrous skimmin 
Guaranteed to 


clean for remeltin 


The Dreisbach Metal 
signed especially for the 
ganese cast steel roll 


< 
= 
C) 
© 
a 
5 
E 


<4 

™ 
= 
2) 


L 
Ss 
R 
Y 








BULLETIN 
“MYT”? 








ORPORATION 


’ 
4 


,INEERING (¢ 


ENC 


H 


’ 
A 


DREISBAC 
45 WARBURTON AVE. 


YONKERS, N. Y. 











WHAT’S NEW 


IN MANUFACTURERS’ LITERATURE 





Induction heating. Induction Heat- 
ing Corp. Bulletin Ef-323. 

S.F.E. Standard Industrial furnace 
catalog. Standard Fuel Engineering 
Co. Bulletin Kf-388. 

Easy-selection charts on _ gas- 
burning equipment. National Ma- 
chine Works. Bulletin Ag-310. 

Electric Furnaces. Ajax Electro- 
thermic Corp. Bulletin He-41. 

8-page pictorial bulletin describes 
the heat treating service of Conti- 
nental Industrial Engineers, Inc. Bul- 
letin Nf-154. 

Hagan rotary forging furnaces are 
described in bulletin by George J. 
Hagan Co. Bulletin Cg-476. 

Comprehensive, 100-page textbook 
describes constructional features, 
capacities, operation and _instru- 
mentation of nitriding furnaces. 
Nitralloy Corp. Bulletin Fg-116. 

Profusely illustrated booklet shows 
many applications of Lindberg fur- 
naces for accurate heat treatment of 
aluminum, magnesium and_ their 
alloys. Lindberg Engineering Co. 
Bulletin Fg-66. 

New 20-page booklet describes 
centrifugal blowers and exhausters. 
Roots Connersville Blower Corp. 
Bulletin Fg-131. 


Continuous 
furnaces are 
Combustion. 


type g 
describ 


Carburizis 


1 by Surty 


Bulletin Fg-5j, 


Heavy duty high temperatyr , 
steel fans are described by Despat 
Oven Co. Bulletin Fg-123. ; 

48 illustrated pages describe p 
cision - Freas constant temperaty 
control cabinets. Prescision Seis 
tific Co. Bulletin Fg-510. 

“The Trend Is Toward Salt 
title of interesting leaflet shows 
several examples of heat treatmes 
Ajax Electric Co. Bulletin Fg 

Unusual accessibility and 
features of new high temperaty 
fans are described in new leaflet} 
Mahr Mfg. Bulletin Fg-5. 

Gas, oil and electric heat tr 
and carburizing furnaces. # 
& Co. Bulletin Lf-203. 

Rotary Hearth Furnaces. Lee ¥ 
son Sales Corp. Bulletin Ce-302 





Use Handy Coupon on Page 97) 
for Ordering Helpful Literature 
Other Manufacturers’ Literature 
Listed on Pages 970, 972, 974, 976, 9% W 
984, 986 and 988 








Simplicity and Speed 
.. for Nickel, Copper 
or Moly! 


. . for Manganese, 
Chrome or Phos! 


THE UNIVERSAL SPECTROPHOTOMETER 


Simple 


Rugged 


One steel 





11) MORTHM CANAL STREET. CHICAGO 
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Test tubes for samples and instantane 
ous readings fit the Coleman into th 
high speed tempo of the modern steel 
laboratory! s 
At Youngstown Sheet & Tube Co. (l»- 
diana Harbor), the Coleman Univers! 
is used 25 feet from the furnace mout® 
plant chemist reports: b 
“it is effecting a saving of five 
hours each day” . another ad 
vises “copper, nickel and m tybdeaum 
determinations are done in 20 ™ 
utes, as compared to 90 
older methods” ; 
est writing for “Curves = 
Rethenses", containing proven met 
s! P 
oe Weite today for Bul. MA543 men 


tioning best priori! available 
a We are author 


ized Coleman 
dist itors 


inutes DY 


may we su 
































DE-BURRING - BUFFING - GRINDING 
HONEING and POLISHING 

















OW... « 

t's the PROVEN, ECONOMI- 
AL method of handling the 
ousands of parts—small or 
edium—that go into the 
smbling of airplane engines, 
achine guns, tanks, and 
any other tools of war. 


ifter the War... 


hen peace comes, Roto-Fin- 
sh will prove to be the most 
practical method of turning 

but the countless parts used in 
- he manufacture of the many 
ted ommercial and household ap- 
. bliances that will again go into 


ae Production. 
uth 


ER 





pan 

ad rite for our illustrated folder and name of 
2um 
ni 


ir nearest distributor. 


and 
eth- 


~ BSTURGIS PRODUCTS CO. 


ble 


— STURGIS .MICHIGAN 


pan 






June, 1943; Page 979 








WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Industrial furnaces, equipment for 
bright annealing stainless steels and 
ammonia dissociation equipment. 
Drever Co. Bulletin Ff-321. 

Industrial ovens, rod bakers, weld- 
ing rod ovens, furnaces. Carl-Mayer 
Corp. Bulletin Bf-183. 

Full muffle and other heat treating 
furnaces described in catalog by 
Charles A. Hones, Inc. Bulletin 
Eg-445. 

56-page vest pocket data book on 
heat treating practices and proce- 
dures. Chicago Flexible Shaft Co. 
Bulletin Hf-49. 

Non-metallic Electric Heating Ele- 
ments. Globar Div., Carborundum 
Co. Bulletin Lb-25. 

24-page catalog describes gas, oil 
and electric Holden heat treating pot 
furnaces, and baths. A. F. Holden Co. 
Bulletin Lf-55. 

Modern electric furnaces for heat 
treating. Harold E. Trent Co. in new 
Bulletin Lf-461. 

Control of temperatures of quench- 
ing baths. Niagara Blower Co. Bul- 
letin Cf-367. 


Molten Salt Baths. E. I. DuPont 
de Nemours & Co., Inc., Electrochem- 
icals Department. Bulletin If-413. 


Faster production with Tocco 
hardening, brazing, annealing and 
heating machines. 16-page booklet 
by Ohio Crankshaft Co. Bulletin 
Lf-145. 

Kleen-well oil strainers for quench 
oil cooling systems. Bell & Gossett 
Co. Bulletin Lf-287. 

Gas cracking unit for production 
of a protective atmosphere during 
heat treatment of alloy and high car- 
bon tool steels. Hevi-Duty Electric 
Co. in new Bulletin Lf-44. 

Unichrome alkaline copper proc- 
esses for improvement of selective 
hardening and deep drawing of 
steel. United Chromium, Inc. Bulle- 
tin Lf-463. 

Handling cylinder anhydrous aimn- 
monia for metal treaters. Armour 
Ammonia Works. Bulletin Lf-443. 

“Pulverized Coal, the Victory Fuel”. 
Amsler-Morton Co. Bulletin Ff-286. 

Heat treating furnaces. Johnston 
Mfg. Co. Bulletin Ff-155. 











PITTSBURGH LECTROMELT FURNACE CORPORATION 


PITTSBURGH, PENNSYLVANIA 


Built to Meet the Demands of Today and Tomorrow in 
the Meiting of Highest Quality Alloy Steels. 


FURNACES 
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Drycolene. Gene lectric + 
nace atmosphere. B in Dt 7 

Dual-Action quen > oil 
Oil Co. Bulletin Df 

Electric box type 
naces. H. O. Swobod 
Ef-379. 

Industrial Furnace 
well Co. Bulletin K 


Certain Curtain | 
Hayes, Inc. Bulletin 

Air-Oil Ratiotrol { 
flow of fuel oil and ai 
is described in new } 

North American Mfg 
Dg-138. 

Blue Print for Industry js 
new handbook presenting ov: 
neering information on 28 jncw., 
tions with description of desig 
process. Industrial Oven Engine: 
ing Co. Bulletin Dg-494 

Interesting and helpful 
tion available on the use of , 
pots for heating operation by « 
Swedish Crucible Steel Co. Bulle: 
Cg-484. 

Gas-air premix machine. Ecliys 
Fuel Engineering Co. Bulletin Cg.» 
Two new bulletins on vertica 
burizers and on carbonia { 
American Gas Furnace ( 

tin Cg-11. 

Low temperature equipment 
aging, shrinking, etc. Deeptreey 
Div., Motor Products Corp. Bullet 
Kf-444. 

Heat treating furnaces. Mc 
Furnace Co. Bulletin Kf-446. 


Controlled atmosphere furnac 
heat treatment of tool and 
steels. Delaware Tool Steel Con 
Bulletin Kf-439. 

Furnaces. Tate-Jones Co. Bulleti 
Kf-447. 

Industrial Carburetors. C.\ 
Kemp Mfg. Co. Bulletin Ce-21° 

New Van Norman induction bed 
ing units are comprehensively ¢ 
scribed and typical operations 
tured in attractive 8-page folder » 
Van Norman Machine Tool Co. bu 
letin Dg-487. 

New 8-page, well-illustrated ca 
log describes equipment for ! 
hardening, flame-annealing, ™ 
nized-brazing, preheating and ole 
localized open heat treatments ! 
the Selas Co. Bulletin Dg-214 

High and low temperature aire 
fired furnaces as well as convect 
types for stress relieving and crv 
ing are described in new 5-page *® 
let by R-S Products Corp. Bullet 
Dg-234. 

Hy-Speed Case for : 
life of high speed tools 
Co. Bulletin Dg-55. 

Heat treating, braz' 
ing of ferrous and 


metals. Lepel High ! 
oratories, Inc. 


Ol 


reasing Ue 


4. F. Holdes 


Bulleti 
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“= Armour's 
“38 Anhydrous Ammonia 


S. Rog 
“(Tl Gucranleed Pure, Dry 
i — For Nitriding and Protective Atmospheres 
in by 
ve oom Over fifty years of experience in servicing 
int thousands of ammonia users assures you that 
when you order Armour's Anhydrous Am- 
7 ‘MEE monia, you get not only a pure, dry, 


BiugE dependable product, but also the best 
service obtainable. 


ical col Take advantage of our technical service by 


Bal writing us on any problems concerning the 
as use of Anhydrous Ammonia in Nitriding, 
— Dry Cyaniding, or as a protective atmos- 
” phere either by itself or in conjunction with 
6. other gases. 

nace { 

7 Cone Prompt delivery in Bottle Type or Tube 
™ Type cylinders, 100 Ib. and 150 Ib. sizes, 
al from one of our plants or nearest of our 
019. sixty stock points. 

ely ds 

as 


ARMOUR AMMONIA WORKS 


Division of Armour and Company 


1355 West 31st Street Chicago, Illinois 







‘ For free descriptive circular on the proper method of 
nts d handling and hooking up Anhydrous Ammonia 
cylinders, please clip and mail the coupon below. 


Armour Ammonia Works, 
1355 W. 31st St, 
Chicago, III 


Holdes Please send by return mail « copy of your circular on 


“Methods of Handli . > 
for Mad hee Cylinder Anhydrous Ammonie 


Name 
Title 


Compan y 


e Steet 
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Transfer Applications 
use CHACE 


ALLOY 


No. 772 


In the illustration above is shown a 
simple test that compares the heat transfer 
of Chace No. 772 Alloy with some common 
metals. One end of each rod was submerged 
in boiling water and temperatures read at 
exposed end with a room temperature of 
80° F. Note that the increase of tempera- 
ture over room temperature of the exposed 
end, of the copper rod, for example, was 
approximately five times that of Chace No. 
772 Alloy rod. The drop in temperature in 
the copper rod was less than 10% as com- 

pared to a drop of over 50% in the Chace 

No. 772 Alloy rod. 

The thermal conductivity constant (cal./ 
sec./em*/°C/cm) of 0.02 is far below the 
value of ordinary metals or alloys, and thus 
makes Chace No. 772 Alloy ideal for low 

. heat transfer applications. Bulletin A-942, 
giving detailed information on the physical 
properties of Chace Manganese Alloy No. 


772, sent on request. 








. wu. ACEco , 
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Thermostatic Bimetals and Special Alloys 
1626 BEARD AVE + DETROIT, MICH. 








Dehumidifier. Pittsburgh [ps 
907 P77 dryer Corp. Bulletin > )-jg7, 
W H A T S NE W No-Carb, a liquid pai: for » 

tion of —e or decarburi 

, meee cunt — mE a . tion. Park emical 
IN MANUFACTURERS’ LITERATURE Nf-141. 

Furnaces. Dempsey |» dustrigis 
nace Corp. Bulletin Ke-269, 

Vertical Furnace. Sentry Co. Bul- Electric Furnaces for laboratory High Temperature Fans, Michi 
letin Ne-114. and production heat treatment. Hos- Products Corp. Bulletin Hb-8j, 

Conveyor Furnaces. Electric Fur- kins Mfg. Co. Bulletin Cf-24. Turbo-compressors. Spencer 
nace Co. Bulletin Be-30. Furnace Experience. Flinn & Dref- bine Co. Bulletin Cf-70 

New Electric Furnace. American fein Co. Bulletin Bc-82. 16-page engineering and data be 
Electric Furnace Co. Bulletin Gd-2. Flame-type mouth and taper an- let on proportioning oil bur 

Newly developed salt bath mate- nealing machine for steel cartridge Hauck Mfg. Co. Bulletin Nf-i§}, 
rial for use in Martempering process. cases. Morrison Engineering Corp. Pictorial bulletin describes § 
E. F. Houghton & Co. Bulletin Dg-38. Bulletin Nf-305. naces for heat treating, normalig 
annealing, forging. Vulean (y 
Bulletin Ag-448. 


REFRACTORIES & 
INSULATION 


Insulating firebrick. Babcock § 
CASE 3643 Wilcox Co. Bulletin Ce-75, 
D-E insulating materials and thé 








Salt block dies. = iT mater 
A application are described in ny 
mpco 18, data booklet by Armstrong Cork & 
Used to form Bulletin Eg-221. 
salt blocks. Cromox, a new protective refte 
After 2 years on tory coating material for prolong 
2-shift basis in the life of firebrick, insulating fre 
excellent condition. brick, and castable refractories 5 
coal, oil, gas-fired and electric fe 
naces, as well as in nonferrous met 
ing furnaces. Federal Refractorig 
Corp. Bulletin Eg-497. 
Heavy Duty Refractories. Nori 
Co. Bulletin Ie-88. 
Super Refractories catalog. Care 
rundum Co. Bulletin Ld-57. 
P. B. Sillimanite refractories. Cha. 


om 
2 Years hard service — Taylor Sons Co. Bulletin Ef-218. 


Conductivity and heat transl 





“Srill doing a good job” om Johns-Manville. Bulletin Dt 


Ramix bottom for basic ope 
The corrosive action of salt—its abrasive effect on forming dies hearth furnaces. Basic Refractories 


— the tremendous pressures needed in forming salt blocks — Inc. Bulletin Nf-192. 
Brickseal refractory coating. Brick 


all combine to make ordinary salt block dies short-lived. But P 0 Straten Stas dalle 468 

. . ~ seal Refractory Co. Bulletin Ag4® 
when one prominent manufacturer tried dies of Ampco Metal Corhart Electrocast Refractories 
Grade 18, replacement problems were solved. “After two for the melting and refining of metal 
years on a 2-shift basis the dies were still satisfactory — good a re. 7 a a 
for many months of hard service,’’ reports this manufacturer. Fhe, - Desi 


This experience has been oft repeated. Ampco Metal, that ooo aaa. 


sturdy alloy of the aluminum bronze class, steps in and outper- Nielco Laboratories offers tec 
forms ordinary bronzes — not only in salt block die service, but nical data sheet on brass and cope 
as parts for machine tools, aircraft, ordnance, and other equip- alkali cleaner. pee 3 re td 
; : Well-rounded and helpjut ca 
ment. Ampco Metal stands up against wear, fatigue, and abuse. on finishing and cleaning has bet 


. . ~) . “ > 7 m al 
Investigate this amazing bronze which delivers performance issued by Frederick Gumm Chemie 
> . ats Co., Inc. Bulletin Eg-50». 


that is a credit to your selection. Ask for ‘File 41 — Engineer- Fine illustrated folder describe 


ing Data Sheets.” Write today. Reto-Finish equipment and its & 

for de-burring, buffing, polishing rr 
AMPCO METAL INC celoring. Sturgis Products U0. Bul 

3 -¥ tin Eg-504. 

DEPARTMENT MP-6 MILWAUKEE, WISCONSIN Resilon corrosion - resistant tank 

linings and applications are ° 
scribed in 8-page leaflet by Unit 

States Stoneware Co. Bulletin Ft 

356. ae 
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Copper .. . or Stainless . .. or 
e / Nickel .. . Brass, Bronze or 
se Silver ... one side or bothsides 
. any thickness desired. 


‘% 
tae < 


. 


SS 
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MQ AA 


*Trademark Reg. U.S. Pat. Off. 


THE INSEPARABLY BONDED CLAD METAL 


Roll it—spin it—draw it—stamp it/ This covering one or both sides in equal or different 
uniquely-produced composite metal, an exclu- thicknesses. The ratio of clad to base metals re- 
sive development of Superior Stee] Corporation, mains constant through reducing and forming N 
opens new horizons to designers now occupied operations, providing high flexibility in product S 
in product development for post-war sales. design and manufacture. 

In SuVeneer Clad Metal, other ferrous or Mark “SuVeneer" well for the future... 
non-ferrous alloys are joined with plain steel, get the facts today/ 





bil 


"“SuVeneer’’ in Peace 


from the SuVeneer gilding metal clad 
strip, to cups, to finished bullet jackets 


Superior Steel 


‘ CORPORATION 
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WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





A protective, deep black finish to 
— Heatbath Corp. Bulletin Hf- 
189. 

Alvey Ferguson Co. shows how 
various product washing problems 
were solved. Bulletin Ne-329. 


Four new booklets describe black- 


Motor-Generators for electroplat- 
ing and other electrolytic processes. 
Columbia Electric Mfg. Co. Bulletin 
Bf-352. 

Pickling. Wm. M. Parkin Co. Bul- 
letin Ff-193. 

Detrex metal cleaning machines, 
metal cleaning chemicals and proc- 


Service report ds 
Oakite machining, d: 
ing and descaling m: 
and simplify fabricat; 
treatment of stainles 
Products, Inc. Bullet 

Airless Rotoblast. | 
Bulletin Hf-68. 

Cadmium Plating. 
deNemours & Co., In 
29. 

Anodizing and plat 
Lasalco, Inc. Bulletin 


Degreasers. Phillips 
Co. Bulletin Nc-254. 


Electrochemical Des 


ribes Use 
ING, degrs 
lals to SDe 
ANd surty 
teels, () 
Eg-29 
ngborn (¢, 


1. dup 
Bulletin 4 


J equipme 
Kf-457, 


Manufactur; 


‘aling, Bul 


ening processes for metals, for alu- 
minum, zinc and copper. Enthone 
Co. Bulletin Fg-240. 


lard-Dunn Process Div., Bullarg ¢ 
Bulletin Ge-143. 


Jetal process and its character 
tics as a protective Coating. Aj; 
Chemical Co. Bulletin Gf-25¢. 

Tumbling and cleaning. 
Stamping and Machine Co. By) 
Kf-456. 

Rust inhibiting wax coating | 
protection of metal. S. C. Johno 
Son, Inc. Bulletin Kf-426, 

Rust Preventative. Alox Corp 
letin Nb-212. 

Casting cleaning methods in {y 
dries. N. Ransohoff, Inc. Bulletin # 
381. 

New industrial washing equipm 
is described by American Found 
Equipment Co. Bulletin Dg-i12 

“Indium and Indium Plating 


dium Corp. of America. Bulle 
Df-376. 


MELTING e CASTING e Mil 
OPERATIONS 


Care of crucibles for brass, coppe 
aluminum and magnesium industria 
Electro Refractories and Alloys ( 
Bulletin Ff-396. 


Melting, holding and alloying! 
naces. Fisher Furnace Co. Bullé 
Bg-195. 

Manganese-Titanium Steel 
Titanium Alloy Mfg. Co. Bullet 
Ga-90. 

Stroman crucible melting /urne 
for aluminum and magnesium @ 
described in leaflet by Strom 
Furnace & Engineering Co. bullet 
Fg-509. 

Operating Features, capaci 
charging methods of the Her 
electric furnace. American Bra 
Co. Bulletin Bf-124. 

Ingot Production. Gathmann & 
neering Co. Bulletin Ka-13. 

“Electromet Products and Servet, 
Electro Metallurgical Co. Bulletin ® 
16. 

How Research Has Produce © 
velopments that make the side-D0 
converter process desirable *! 
source of high temperature me 
Whiting Corp. Bulletin Bf-% 

Chrom-X for steel mil! and ! ~ 
ry. Chromium Mining & 5m" 
Co. Bulletin Kf-451. 


essing equipment. Detroit Rex Prod- 
ucts Co. Bulletin Lf-111. 








Prom Coast. -- To Coast 


The Talk of the Machine Shops Wherever 


aveontt a Steels “They g f; | a 
N © VY O 

| 6-6-2 Tungsten 
WIN MO jweigeserr 


(High carbon, 


| chrome, air hard- 
'ening bar steel 
a ins 


2 


{ 18-4-1 Type High 
| Speed Steel. 


\and castings. 





For over 105 years we 
have served the industry 
and we are proud of it. 


ni 
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H. BOKER & CO., Inc. 
101 DUANE ST. @ NEW YORK 
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Protect 
Metal Surfaces 


with Johnson’s 
Rust Inhibiting Waxes 
w 


Today, rust is areal enemy of much war equip- 
ment. To help guard against it, the makers of 
Johnson's Wax have developed special Rust 
ih (oe. Waxes for use on untreated metal 
surfaces and on black oxidized and phos- 
phat ed surfaces. These new waxes also provide 
a desirable dry finish. They are easy to apply, 
either by dip or spray methods. Coverage per 
gallon is excellent ; drying is rapid. 

? hnson’s Rust Inhibiting Waxes are non- 
toxic, non-flammable. They come ready to use; 
no mixing or dilution is necessary. 


Free test sample and full information 
gladly sent on request. Write 


Ss. C. Johnson & Son, Inc. 


Industrial Wax Division, Dept. M-63 - Racine, Wis. 






















Canadian address: Brantford, Ontarve 





Buy United States War Savings Bonds and Stamps ae 
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> Johnson 


| De ‘3 


No. 130 for Speedy 
Heat-Treating of 
High Speed Steels 


When you want quick, 
high, accurate tempera- 
tures for heat-treating hi- 
apeed steels, or for clean 
heating of all types of steel, 
call for Johnson 130. Car- 
bofrax hearth is standard 
equipment. Heavily lined 
with insulating refractory 

and equi with 
G. E. otor and 
large o—~ Blow- 

TWO WEEKS 
DE LIVERY. and 
only $248.00 F.O.B. 
Factory. 


FREE: We have a Free 
Copy of the Johnson 
Catalog for YOU. Write 


JOHNSON GAS APPLIANCE 
COMPANY 


568 E Ave. N.W., Cedar. Rapids, lowa 
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FINE WIRES 

of Beryllium Copper - 
Aluminum * Phosphor Bronze - 
Stainless Steel + Silver « 
Saude tae. 
Brass and Special Alloys 


FOR YOUR EVERY REQUIREMENT 


These wires are used in springs, instrument 





parts, scratch brushes, control cables, bond. 
ing jumpers, sieves, strainers and a variety of 
other precision products. Our engineers will 
be glad to assist you in determining the proper 
wire type for your specific requirements. 
Callite Tungsten Corporation, 
5537 Thirty-ninth Street, 


Union City, New Jersey 
Branch offices Cleveland, Chicago 


CALLITE WIRES 








Columbia 


TOOL STEEL 


TEAM WORK— 


Close co-ordination of 
the Allied armies enabled 
them to win the battle of 
Africa. 


Similarly, co-ordination 
of the makers and users 
of tool steel will help win 
the battle of production. 


COLUMBIA TOOL STEEL COMPANY 


t 
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SPEED TREAT STEEL 


A MEDIUM HIGH CARBON OPEN HEARTH PRODUCT 


ONE 


Steel that gives yough 


1. EXCELLENT MACHINABILITY 





2. GREATLY EXTENDED TOOL LIFE 


3. GOOD FINISHED PARTS... 
4. HIGH PHYSICAL PROPERTIES 
5. EXCELLENT IMPACT RESISTANCE 


6. GOOD TORSIONAL VALUES... 


nee in g 
ACTUAL PHOTOGRAPH = } 


Speed Treat Steel (45° 


corben) 1-inch <i 7. MINIMUM DISTORTION... 


drawn bar tied in a knot, 
cold, without fracture. 





s. FINE HEAT TREATABILITY 





SPEED TREAT STEEL 

machines from 30% to * BUY 
60% faster than other com- WAR BONDS 
paruble steels such as 1035, 

1040, 1045 and 10% to 25% faster 

than such steels as X1335 and X1340 


. with a very HIGH finish and greatly 
WRITE US FOR DETAILS 


Our metallurgists ere 


increased tool life. 


at your service 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND : INDIANAPOLIS - CHICAGO 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 
peeks, Ech Beek’ s, Pamek Eke 
PECKOVER'S LTD., Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 


Metal Progress; Page 986 








WHAT'S NEW 


IN MANUFACTURERS LITERATy 
ae | 





Lectromelt Furnac Pittshy 
Lectromelt Furnace Corp, Bull 
Db-18. - 


Electric Furnaces. Detroit Pies 
Furnace Div., Kuhlman Electr). 
Bulletin Hd-271. ™ 


Chart for the correction of brs 
for zinc loss should interest fo». 
men. Foundry Services, Inc 4 
letin Dg-489. 

Alloy additions to gray iron, ny 
able and semi-steel are discussed » 
newest information presented ; 
booklet by Niagara Falls Smelting4 
Refining Corp. Bulletin Dg-4§7 


ENGINEERING e APPL! 
TIONS e PARTS 


An engineer’s handbook on cm 
trical contacts. Fansteel Mets 
cal Corp. Bulletin Eg-477. 

Just released by Atlas Brass Foy 
dry is an 84-page catalog listing sin 
and prices of hundreds of finishd 
bronze bushings and porous oils 
taining bearings. Bulletin Eg-5W 

Finding list and list of sources ¢ 
alloy metals. Hobart Brothers 
Bulletin Eg-20. 

Productien of gray iron and sex 
steel castings is described in an illy 
trated booklet issued by Forest (iy 
Foundries Co. Bulletin Eg-499 

Flanges and other drop forging. 
Ladish Drop Forge Co. Bullets 
Eg-441, 

Chace manganese alloy N 
sheets, strips, rod and special shape 
described by W. M. Chace | 
letin Eg-232. 

Centrifugal castings. She 
Penn Mold Co. Bulletin Eg-174 

Electrical, corrosion and bh 
sisting alloys in rod, wire 
and strip forms. Wilbur i 
Co. Bulletin Kf-430. 

Carburizing Boxes. Press 
Co. Bulletin Ce-269. 

Duraspun Centrifuga t _ 
Duraloy Co. Bulletin Bf-233 

12-page booklet presents 
deal of useful information © 
specialties Summerill Tubing 
producing, including tapered 
formed tubes and wide varie! 
special shapes. Bulletin Fg-15 

Extruded AMS 4640 bron: 
sheet has been issued by * 
Metal, Inc. Bulletin Fg-1/0 

Attractive booklet on Bunting @ 
bronze, sleeve type standardize 
bearings. Bunting Brass & Bros 
Co. Bulletin Cg-473. 

Many interesting 
Nichrome and _ alloy 
shown in Alloy Crafts 
Driver-Harris Co. Bul 
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THE ROTAIR CURVE OF HIGH PRODUCTION 
THRU — 
High Velocity Circulation 
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’ Eclipse Fuel Engineering Company [YO;Co 
ROCKFORD ILLINOIS Eclipse 
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Ques eee A “KNOW-HOW” BOOKLET 
FOR THE FOUNDRYMAN 


Here is a compact, informative 24-page booklet that clarifies the 
9 ged picture so far as the rather complicated field of foundry fluxes is con- 
py cerned. Fluxing alloys and non-metallic fluxes are described in detail, 
ed ant and their correct and proper use presented. 











oe This booklet, “The How and Why of Fluxes and the When and How 





—_ to Use Them In the Production of Better Castings”, points out that there 
ing - are the simple fluxes composed of one active element and a carrying 
aire 

Broost agent of either copper or aluminum, and there are complex fluxing alloys 


developed for specific purposes. Both types are described. 








Published by America’s largest manufacturers of alloys, this booklet 
is “must” reading and should be in your files. Write for your copy today. 


IAGARA FALLS SMELTING AND REFINING CORPORATION 








te, Laboratory and Works Buffalo, New York 
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ORDNANCE AND INDUSTRIAL 


All Sizes — All Types — All Purposes 
Direct Fired — Recirculating — Recuperstive 
Automatic or Manual Controls 

Gas Burners—Nozzle Mix and 


FURNACES 





Long Luminous Flame 


Oil Burners, Oil Heaters and 


Conditioning Equipment 


TATE-JONES & CO., INC. 


LEETSDALE, PA. 


Furnace Engineers and Manufacturers Since 1898 





WHATS NEW 


IN MANUFACTURERS’ LITERATURE 





How to use explosive rivets for 
high speed blind riveting is set forth 
is new folder by E. I. du Pont de 
Nemours & Co. Bulletin Fg-413. 


Interesting, descriptive leaflet on 
metal reclaiming mill offered by 
Dreisbach Engineering Corp. Bulle- 
tin Fg-511. 


Meehanite Castings. Meehanite Re- 
search Institute. Bulletin Bf-165. 


Powder metal oil-retaining porous 
bronze bearings are described and 
illustrated in new booklet by Bound 
Brook Oil-less Bearing Co. Bulletin 
Fg-358. 


Complete line of radial and pivot 
type bearings is described by Minia- 
ture Precision Bearings. Bulletin 
Fg-512. 


X-Ray Inspected Castings. Electro 


Alloys Co. Bulletin Ld-32. 


Ledaloyl, self-lubricating bearings. 
Johnson Bronze Co. Bulletin Af-237. 


Metal Baskets. W. Co. 


Bulletin Bf-359. 


S. Tyler 


Steel Castings. Chicago Steel Foun- 
dry Co. Bulletin He-184. 


Heat Resisting Alloys. General Al- 
loys Co. Bulletin D-17. 


Pipes and Tubes. Michigan Steel 
Casting Co. Bulletin Bb-84. 


Metal Powders. Metals Disintegrat- 
ing Co. Bulletin Ec-208a. 


Bimetals and Electrical Contacts. 
The H. A. Wilson Company. Bulletin 
Cf-370. 


Corrosion and heat resistant alloy. 
Lebanon Steel Foundry. Bulletin Ef- 
387. 
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Lead-base metals. Magnolia \ 


Co. Bulletin Kf-422. 


Cr-Ni-Mo Steels. A. Fink! & § 


Co. Bulletin La-23. 


Industrial baskets, crates, trays 
fixtures. Rolock, Inc. Bulletin Lf 


Seamless pressed steel heat tr 
ing containers. Eclipse Fuel £ 
neering Co. Bulletin Ag-226. 


alloys. Coo 


Cooper standard 
Bulletin Ag 


Alloy Foundry Co. 


48-page catalog on manganese st 
American Manganese Stee! ! 
American Brake Shoe & Foundry 
Bulletin Cg-9. 


Oilite precision oil cushion-br 
bearings and other powder = 
bar, plate and strip stocks are © 
prehensively described in M09 
catalog issued by Amplex 4 
Chrysler Corp. Bulletin Dg-4%. 

Alloy Castings. Ohio Steel Fout 
Co. Bulletin Dg-40. 
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